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PREFACE. 



In view of the great number of works heretofore produced 
on the subject of the stresses in bridge and roof trusses, the 
writer concedes that he lays himself open, to some extent at 
least, to the necessity of apologizing for the production of one 
more of the same class. 

It is unnecessary, however, that he should state the rea- 
sons which, in a measure, have compelled him to produce this 
book, which, he sincerely hopes, may be found useful both to 
the technical student and the engineer. 

The assistance derived from Prof. Eddy's work on arched 
ribs will be evident even to a hasty observer. 

Certain matters are of such common occurrence in the fol- 
lowing pages that it may conduce to clearness to mention 
them here. 

The word " ton " signifies a ton of 2,000 pounds, unless it 
is otherwise specifically stated. 

The word "stress" means the force acting in any member 
of a structure, while " strain " is the distortion which accom- 
panies the stress. 

The sign + indicates a tensile stress, and the sign — , a 
compressive one. 

Unless otherwise stated, the stress in any member of a 
structure will be represented by inclosing with a parenthesis 
the letter or letters which belong to it in the diagrams or 
plates. Thus (A B), or (a), signifies " stress in the member 
A B," or " stress in the member a'' 

W. H. B. 

Rensselaer Polytechnic Institute, 
Troy, N. V., March, 1880. 
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CHAPTER I. 

GENERAL CONSIDERATION OF THE LAWS GOVERNING THE 

ACTION OF STRESSES IN TRUSSES. 

Art. 1. — The Tnuui Element. 

A TRUSS may be defined to be a structure so composed of 
individual pieces that, if all the externally applied forces 
called loading are parallel in direction, the other external 
forces called reactions will be parallel both to each other and 
the loading. 

The simplest of all trusses is a triangle, and all trusses, 
however complicated, containing no superfluous members, 
are, and may be considered, assemblages of triangles simply. 
That the triangle is the truss element arises from the fact 
that it is the only geometrical figure whose form may not be 
changed without varying the lengths of its sides. 

In the elementary truss of the figure, let any force act ver- 
tically downwards at B^ and consider the two triangles ABD 
and BDC having the common side BD. Since all external 
forces are parallel, the reaction at A is to the reaction at C as 
DC\s\.o AD. 

For if BD be taken to represent the vertical force acting at 
By and DF be drawn parallel to ^^ as well as EF parallel to 
ACy then will DF represent the stress in AB, and BF that in 
BC. But by the construction ED:EB = DC:AD, but ED is 
the vertical component of the stress in AB as well as the re- 
action at Ay while BE is the same component of the stress in 
BCy and, similarly, the reaction at C. It is to be particularly 
noticed that EF is the common horizontal component in each 
of the members AB and BC^ and also the resultant stress in 
AC. 

I I 



2 THE ACTIOX OF STRESSES l.V TRCSSES. 

When, therefore, the truss is horizontal, as is supposed I 
the figure, the vertical component in each of the membi 
AB and BC is equal to the reaction at its foot ; also the horik' 
zontal component of stress in each of these members is equal 
to the horizontal component in the other, as well as to the 
resultant stress in the third horizontal member. 

These simple principles constitute the foundation of all 
stress analyses in trusses. 




Art. 2. — Oeneral Case. 

Again, consider any truss whatever, as that in Fig. 
which the supports are not on the same level, nor are anytwi 
of the triangles of which it is composed similar. Suppose" 
vertical load to act at any apex, as A, the reactions will 1 
vertical. Let the truss be cut by any plane which divides tl 
line CN {AH is the trace of such a plane), then the part i 
the truss which is found on the left of AH is held in ( 
rium by a component of the vertical force at W, the verticj 
reaction at C, and the induced stress in GH. Since there J 
equilibrium, the lines of action of those forces must intersec 
in a point ; and since the forces acting through C and ( 
have lines of action intersecting at D, the line of action of tlti 
component of the vertical force at A must pass through t^ 
same point. Thus the line of action DA for one compona 
is established. 

In precisely the same manner BE is erected and produi 
until it intersects GH, produced, in E and the line of actio] 
AE of the other component established. Connect D and j 
then, so far as the reactions are concerned, the case will n 



GENERAL CASE. 3 

be changed if the actual truss be supposed displaced by the 
simple truss DBA. Let AN represent the vertical load at Ay 
then make NO^ parallel to AEy and DA, produced, intersect 
at O. If MO be drawn parallel to DE^ AM will evidently 
represent the reaction at C, and MN the reaction at B. Pro- 



h-/- -.v^>V 




Fig. I. 



duce AN until it intersects GH in G^ and draw DK and EF 
in a horizontal direction, then, from similar triangles : 



OM DG ^ OM EG 

and 



MA " GA ' 



MN " GA • 



Dividing one by the other, 



MN _DG__ DK 
MA" EG" EF' 



But DK 4- EF is equal to the span, hence the reactions are 
inversely as the segments of the span, or any load or system 
of loading, vertical in direction, to which any truss whatever 
is subjected, is divided into reactions according to the law of 
the lever. Farther, whatever the internal stresses of the truss 
may be, at the ends the sum of the vertical components must 
be equal to the reactions. 
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Art. 3. — Web and Chord StrMsea in QenoraL 



In the preceding case no account was taken of the stress 
to whicli the individual members of the truss were subjects^ 
but it will now be necessary to consider them. For this | 
pose P!. I., Fig, I, will be used, in which the points of sup] 
will be taken in the same level, the loading, vertical ; and 
truss will be considered as made up of similar triangles, 
first and last suppositions in nowise affect the generalit) 
the conclusions, but the operations are thereby simplified a 
given a character approaching more nearly to that of 1 
ordinary operations of the engineer. 

In PI. I., Fig, I, is the representation of a truss placed u 
two supports A and L in the same horizontal line. CH z 
AL arc parallel, and the oblique members included betwCi 
them may have any inclinations whatever, only they are xask 
symmetrical in reference to a vertical centre line through'! 
Let any weight It' act at any point, as A^, and let / i 
represent the tangents of the greater and less inclinatit^ 
respectively, of the oblique members to a vertical. Erect \ 
ticals at A and L which will intersect the prolongations! 
CH in B and K\ then, as has been shown, BR and UK dra^ 
through N will be the lines of action of the components o 
which act on the two parts of the truss. The force parallel 
gram WRNU can then be drawn, in which R T and UV a 
be drawn parallel to AL. NT= VW is the reaction a 
and NV that at L. 

Resolve NR in the direction of /Wand NM' by draw: 
M'R parallel to FN, than will J/'^ represent the s 
FN. The stress in FN will induce the stresses Fb and i 
in FG and FO, and in the same manner the stresses shown j 
the figure will be induced at all the points on the left of j 

It is to be noticed that all the inclined stresses at the poifl 
A, C, Q, D, P. E, O, F, as well as M'R, have the same vertSc 
component, NT; also, that all the horizontal stresses at C, j 
E, and F are equal to each other and act in the same dif* 
tion, each one having the value NT x (/ + t'). Let » bet 
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number of the points C, A E^ and /% then the total horizon- 
tal stress acting along CH from left to right will be 

NT X (/ 4- /') X n. 

At N there is the horizontal force NM' acting from left to 
right Let d equal the depth of the truss, or AB^ and / and /' 
the segments -^iVand NL respectively of the span AL ox s\ 
then from the figure it is seen that 



NM* = NT 



^-')- 



At the points Oy P, Q^ Ay there are horizontal stresses act- 
ing from right to left. From the diagram it is seen that the 
stress at (9 is (2 / X NT) ; at P, (/ 4- /') x NT\ at Q, (t + /') x 
NT\ at A, ^ X NT; hence the total stress on the left of N 
acting from right to left is 

^r(«/ + (« - 1)0 = nt(^-^^^^- t) = NT{L-t). 



Hence there is deduced the important result that NM' is 
just equal to the total horizontal stress on the left of N, and 
possesses the same line of action but is opposite in direction, 
therefore the two forces balance each other. 

Next prolong GN until it 'cuts UV in F", then will NY 
represent the stress induced in GN by the component UN. 
The stress at Ny acting from right to left, is therefore UYy or 



UY=NVx 



5-0- 



Although the diagrams are not drawn, it is plain that the 
horizontal stresses at AT and L are NV x (/ -h /') and NV x /' 
respectively ; also, that their directions are from left to right ; 
hence the total horizontal stresses, on the right of N^ which 
act from left to right, are 
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NV X (/ + 2 /') = Nvi ^-^' *J'^'' -l) = NV>,(^- ,)i 

Hence the stress UY is balanced by the horizontal stresses on 
the right of N. All the internal horizontal stresses acting 
along AL are, therefore, balanced. 

According to the two force parallelograms drawn from G 
and H, it is seen that all the horizontal stresses on the right 
of N, which act from right to left along CH, are 



in which n' is the number of apices G and H. 
^\xtNV=NTj,\ hence 

a d 

But it has already been shown that all the stresses whi^j 
act along CH from left to right are 

NTy. ii + i') xn = NT^. 

Hence all the horizontal internal stresses of the truss i 
perfectly balanced among themselves. 

This important characteristic belongs only to the "truafl 
proper, and distinguishes it from all other bridge superstr 
tures. 

If an irregular truss, like that in Fig. i above, were treaU 
precisely the same result would be reached, but the result*! 
horizontal stress would be expressed by SPt or ^' Pt^M 
which Pis a variable portion of IF; and (/would be a 
depth, such that 2td = l, and :^'td=l'. 

The portion FG is subjected to all the stress induced at 1^ 
points C, D, E, and F; EF ta all that induced at C, D, ; 
E ; etc. It is important to notice this accumulation of stresj 
from panel to panel in the horizontal lines CH and ALtt. 
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it shows that the stresses in those portions are not uniform 
from end to end. A stress induced at one point may be felt 
at any distance from that point. 

The upper and lower portions of the truss, CDEFGH and 
AQPONML, are called the top and bottom "chords/* and 
all members included between the chords, whether inclined 
or vertical, are called " braces " or web members. The various 
portions into which the chords are divided, usually equal to 
each other, are called panels. 

From the figure it is seen that the vertical components of 
the stresses in the braces or web members on one side of N 
are equal to each other ; also, that the chord stresses have no 
vertical component, being horizontal. Farther, the vertical 
component in any brace or web member is equal to the reac- 
tion found on the same side of the load as itself. In a truss 
provided with horizontal chords, therefore, the office of the 
web members is solely to transfer, so to speak, the load from 
its point of application to the abutments or piers of the 
bridge ; their duty, therefore, is precisely the same as that of 
the web in a flanged girder, hence their name ** web mem- 
bers." In other words, the braces or web members take up 
the shearing stress at any section. 

Let sec i and sec i ' be the secants of the angles of inclina- 
tion of the web members, corresponding to the tangents / 
and /', and let S and S' be the shearing stresses in the two 
segments of the span ; then the web stresses in the left-hand 
segment will be 5 sec i and 5 sec i\ and those for the right- 
hand segment 5 ' sec i and 5 ' sec i '. 

The general principles brought out in the preceding results, 
therefore, are these : With horizontal chords the web stresses 
are products of the shears by the secants of the inclinations^ and 
the chord stresses are functiofts of the tangents of the inclina- 
tions of the braces or web members from vertical lines. 

From an inspection of the force parallelogram at D^ for 
instance, it is seen that the increment of chord stress at any 
panel poi?it is equal to the algebraic sum of the horiso?ital com- 
ponents of the stresses in the web members intersectifig at that 
point. The sum is numerical when, as in the figure, the 



8 THE ACTION OF STRESSES IN TRUSSES. 

braces slope on different sides of the vertical line p 
through the panel point, but the numerical difference is to b 
taken when both braces are found on the same side. 

Two web members intersecting at any panel point hav( 
stresses of opposite kinds induced by the same shearinj 
stress. 

The stress in CH is of course compressive, while that i 
AL\& tensile. 

The preceding general results have been deduced on thai 
supposition of the application of but one weight, but theyfl 
are equally true for any system of loading. For the effect of J 
any system of loading is simply the summation of the effects! 
of the individual loads of which it is composed, hence onlw 
those principles which are true for the individuals can be truei 
for the system, and those at least must hold, for the action oil 
each load is independent of all the others. 



Probably the simplest case of a truss subjected to the actioit 
of external loading occurring in the practice of the engineed 
is a simple truss fixed at one end, and is the case with onK 
arm of a swing-bridge when open and subjected to its ow 
weight as load. 

Now, in all cases of actual trusses, the load will be sup 
posed divided in its application to the truss between ths^ 
upper and lower chords. It will not, however, be cqualiyi 
divided, because the floor system of the bridge will restff 
wholly on one chord or the other, 

/ r 




In the figure, let the truss be fixed at AB, and let W andj 
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W* be the panel loads on the upper and lower chords respec- 
tively, except at the extremity P of the upper chord, where 
\ W will rest. Let a represent the angle QPR^ and a' the 
angle SQT; the line PR is vertical, and yiP horizontal. 

A simple and direct application of the principles and for- 
mulae of Art. 3 gives the following results : 
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It will be observed that in every instance the stress in any 
brace is the " shearing stress " in the section to which the 
brace belongs, multiplied by the secant of the inclination to 
a vertical line of the brace in question. For instance, if the 
brace L be divided by a vertical plane, the weights on the 
right of it, or the shearing stress, are (iJfF+ 2W')j and this 
multiplied by the secant of a' is the stress desired. 

The chord stresses are also determined by a direct and sim- 
ple application of the. principles and formulae of the preceding 
article. 



Stress in / is \ IV tan a 

e " \\Wtan ol^(W' ^\\V) {tan a^tan a) 
d " 2\Wtan a + (2»^+3JF') {tan a-k-tana') 
c " i\\Vtan a^{A\\V^6W') (tan a^ttan a) 
b " 4j Wtan a + (8IF+ \oW*) {tan a-htan a') 
a " S\^V tan a^'{i2\W-\-\t,lV') {tan a-\-tan a)\ 
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(I). 



In the lower chord the stresses are as follows : 
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Stress in ^1s W tan a' + ^W {tan a + tan a) 

a u /^ a 2 W tan a' + (2 W-{- W) (tan a^tan a') 
" /&" lW'tana'-\-{A;^W'\^lW'){tana-\-tana') 
" / " ^W tan a ^ {^W^(>W'){tan a-k-tan a') 
" "«^" t^W*tana'-v(\2\W^\oW'){tana-\-tanoi) 
a u ^u 6W tana' -{-{iSW-^iS IV') {tana -\- tana') ^ 



it 



(2). 



In determining these quantities, it is to be remembered that 
the stresses cumulate from the free end to the fixed ; i.e., the 
stress developed at any panel point is felt throughout those 
portions of the chords included between that point and the 
fixed end of the truss. 

General formulae for the Eqs. (i) and (2) may easily be 
found. Let n be the number of the panel, from the free 
end, in the chord A P{f is number i ; ^, 2 ; rf, 3 ; etc.), then 
the formula expressing the results in Eq. (i) is the following : 

Stress in any panel = (« — ^) W^ tan a -\- \ ^ W 4- 

^l^L^-l) iv I {tan a + tan a'\ .... (3). 

This expression gives the stress in any panel of AP, 

The formula which expresses the results shown in Eq. (2) 
is the following : 

Stress in any panel = n W tan a + j — W -^ 

^^^^-0 ^^/ I \tana^tana'\ . . . (4). 

In which n denotes the number of the panel in the chord BQ 
starting from the free end ; i.e,,g is number i, // number 2, 
etc. 

The weight at P has been taken at half that applied at 
other panel points in the same chord. In the case of a swing- 
bridge, however, it is greater than that, since some of the 
details of the locking apparatus, etc., arc hung from that 
point. Yet the Equations (i) to (4) may still be used, only a 
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Simple term is to be added to each of those equations. Let 
/ be the panel length, d the depth of the truss, and FF, the 
actual weight hung from P. Also, let W^ — \ IV = w'. In 
order to find the additional stress produced in any panel d of 
the chord AP, let the moment of w be taken about the in- 
tersection of H and K in the lower chord ; this moment is 
w\{n — i)p •{■ d tan a\. Consequently the additional stress 
desired is 



= w\(n'-i)^-h tana> .... (5). 



The stress s is to be added to each of equations (i) and (3) 
if IVi > .J W, otherwise it is to be subtracted. 

In precisely the same manner, the additional stress for the 
lower chord BQ is 

s' = wn^ (6). 

The stress / is to be added to equations (2) and (4) if Wi > 
^ IVy otherwise it is to be subtracted. 

If, as in Fig. i, AP is the upper chord, the stress, in QP 
and all members parallel to it will be compressive ; while the 
stress in QS and all braces parallel to it will be tensile. Like- 
wise the stress in AP is tensile, and that in BQ compressive. 

If the truss were turned over so that BQ would become the 
top chord, the expressions for the stresses in equations (i) to 
(6) would remain exactly as they are, only the signs of the 
stresses would change. The condition of stress would be ex- 
actly represented in the preceding paragraph by simply chang- 
ing " compressive " to ** tensile," and " tensile " to " compres- 
sive. 

Art. 6. — Overhanging Truss — Parallel Chords— Uniform Bracing— Ver- 

tical and Diagonal Bracing. 

The two most frequent cases of Fig. i. Art. 4, arc, first, 
that in which a = a\ and, second, that in which a' = o. The 
first of these cases is represented in Fig. i, and the second in 
Fig. 2. 
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The web stresses for this case will be precisely the same in 
general form as those given in Art. 4, but sec a will be written 
for sec a'. 

Yery simple general formulae can be written for these web 
stresses. Let «' denote the number of any brace starting 
from Of which is called i ; then observing the general values 
in Art. 4, the stress in any brace n' parallel to O will be 

+ d=\— IV-h ^^' " ^^ W'lseca-^ wsec a. . . (i). 




The expression (4- ^), of course, denotes tensile stress in any 
brace parallel to O. 

In precisely the same manner, the compressive stress in any 
brace parallel to N {n possessing the same signification as 
before ; /. ^., n' for N\s 2\ for L, 4, etc.) is 

— * = -j ^^L-^ — '- W -¥ ~ W > sec a -{- w sec a . . (2). 



In determining the chord stresses, it is to be remembered 
that the weights W rest on the lower chord AP. Making 
tan a = tan a in Eq. (3) of Art. 4, the stress in any lower- 
chord panel is 

C={n-i)lVtana+{(n-iyW-hn{n-i)W'\tana-hs . (3). 

Making the same change in Eq. (4) of the previous Article, 
the upper-chord tensile stresses will be found to be 

T=nW'fana+{ft^lV-hn{n-i)W'\tana+s' . . . (4). 
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Some of the results given by the formulae should always be 
checked by the method of moments. 

Let it be desired to determine the stress in k by the method 
of moments. Let the origin of moments be taken at the 
intersection of G and H. The moments which balance each 
other about that point are that of the stress in k acting with 
the lever-arm d, the depth of the truss, and those of the 
weights applied to the truss on the right of the panel point 
in question ; these latter act against the former. Calling the 
panel length/, and taking the moments mentioned: 

Td= ^W . 1/ + 2IV ' IP -{■ iW' 3/ + «/ • 3/. 



T=4i^'l-^4iW^-h3wl 



(5). 



The result of Eq. (5) ought to be the same as that of Eq. 
(4). Two or three panels in each chord ought to be treated 
in the same manner. 
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Fig. 2. 

The cantilever truss represented in Fig. 2 shows the case 
in which a' of Fig. i. Art. 4, is equal to zero. The notation 
is precisely the same as that used before. 

The general expression for the stress in any inclined brace 
is simply Eq. (i) repeated— that is: 

+ 6=^^lV^i!Lzjllvdseca'\'Wseca . . (6). 



Making sec a' = i, there results for the compressive stress 
in any of the verticals 2, 4, 6, etc. : 
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-. = i(^-zi) 



2 2 ) 



= { 



4- w 



(7). 



Making tan a' = o, in Eq. (3) of Art. 4, gives the com- 
pressive chord stress in any panel of the lower chord AP. 
Hence, for that chord : 

wn ~ . . . (8). 

In a similar manner, from Eq. (4) of the previous article, 
for the tensile stress in any panel of the upper chord, there 
results the equation : 



( r^ --- n (n — i) ..,, ) ^ p 

=z <—W-\- — ^^- — - W > fan a -\-wn 2 



. . (9), 



If Wi should be less than | IV, the term which expresses 
the additional stress, whether in braces or chords, will be sub- 
tractive, as will be indicated by the sign of w. 




Fig. 3. 

Again, applying the moment test to any panel, as c, by 
taking the origin of moments at R, the notation remaining the 
same as before, there results : 



.-. C=(4W^+3^n^ + 4^5 • • • (^o). 
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This result ought to agree with that shown by Equation (8), 
and several panels in each chord should be tested. 

In the great majority of cases it is not convenient to apply 
a general formula, but the numerical values are usually deter- 
mined directly from the diagram, and the stress in each mem- 
ber written along it, as shown in Fig. 3. 

Fig. 3 shows a truss which frequently occurs in the practice 
of the American engineer ; it is in reality one arm of an open 
swing-bridge. 

Let the panel length =/= 12 ft., and the depth of the 
truss = rf= 20 ft. The tangent of CQP = 12 -r- 20 = 0.6, and 
the secant of CQP^ 1.166. The tangent of DEP= 1.2, and 
the secant of DEP=: 1.562. The panel loads at E, F, //, etc. 
= W' = 3.00 tons; at C, A Gj K, etc., fF= 5.00 tons; at 
jP, W^ = 4.00 tons. No load is taken at Q. 

In the figure there are two systems of right-angled triangu- 
lation ; P, D, E, H^ AT, etc., is one system, and C, F, G^ Z, M^ 
etc., is the other. This does not, however, complicate the 
matter in the least, for each system of triangulaiion is regarded 
as an individual truss carrying its awn weights only. Calcula- 
tions are therefore made for each system of triangulation as 
if they were independent trusses, and then the two are 
added. 

The weight of the portion EQP is supposed divided be- 
tween E and P, thus showing M\ > J IV. The vertical braces 
are evidently in compression, while the inclined ones are in 
tension. 

The figures in the diagram denote tons (2000 lbs.) of stress ; 
-f indicates tension, while — indicates compression. 

Stress in PE = r^i sec DEP= 4 x 1.562 = 6.248 tons. 
" " CF =zW sec DEP=^ X i.s62= 7.810 " 
" " £>H={lVi + IV + IV) X 1.562 = 18.744 " 
" " GL= 2 JK+J^rx 1.562 = 20.306 " 

The other brace or web stresses are found in precisely the 
same manner. 
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Stress in CP= M\ tan DEP 
" " DC = IV /an DEP + 4.8 




= 4.8 toru 

= 6.0 + 4.8 
= 10.8 tow 
" '■ CD={ H\ + W + IV) X 1.2 + 10.8 = 14.4 + 10.8 

= 25.2 toni 
" " XG = ilV+ W -\-W)y. 1.2 + 25.2 = 40.8 t 

Other lower-chord stresses are found in exactly the sai 
manner. 

By an inspection of the diagram it is seen that the g 
expression for the stress in FE is precisely the same as i 
for CP; the same can be said o( f/Ein reference toDC; . 
in reference to DG ; etc. The explanation of this is sim 
If the truss be divided by a plane normal to the paper an^ 
parallel to the inclined braces, only vertical and horizont^ 
members will be cut. But the truss is in equilibrium, 
since the loading is wholly vertical, the sum of the horizont^ 
stresses must be zero; or, the stress in the lower-chord ] 
cut must be equal and opposite to the stress in the uppi 
chord panel cut. 

Let the moment test be applied to the stress in the p 
AfK. The origin of moments for the loads applied to t 
system PEDH, etc., is N, and the origin for the other systa 
is L. Taking moments about those points : 

C'(/+ C"rf= 16 X 36 + 4 X 72 + 8 X 24 4- 5 X48 

.-. C= C' + C" = 64.8 tons. 

Again, for the lower-chord panel adjacent to A, B is thi 
moment origin for the whole load. 

C= (48 X 42 -)- s X 84 + 4 X 96) -r 20 = 141 tons. 

Thus the numerical results are verified. 

According to one of the principles of Art. 3, the horizonti 
component of the stress in any inclined web member oughj 
to be equal to the increment of chord stress at either of i 
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extremities, and such will be found to be the case. If, for 
example, 20.3 be multiplied by the cosine of the angle GLH^ 
the result will be 15.6 = 40.8 — 25.2. 

This last is a verification of the web stresses, and both 
methods of checking are perfectly general and may be applied 
to all trusses, as should be done in actual cases. 
2 



CHAPTER II. 

SPECIAL NON-CONTINUOUS TRUSSES WITH PARALLEL 

CHORDS. 

Art 6. — Distribution of Fixed and Moving Loads. 

The trusses treated heretofore have been of rather an ele- 
mentary character, and general principles have been con- 
sidered instead of special and practical applications. Before 
taking up the technical treatment of trusses it will be neces- 
sary to consider some preliminary matters. 

The total load on a bridge-truss always consists of two 
parts, the fixed load and the moving load. The fixed load 
consists of the entire weight of the bridge, including tracks, 
flooring, etc. The moving load, as its name indicates, con- 
sists of that load (whether single or continuous) which moves 
over the bridge. 

The truss is, of course, always subjected to the action of 
the fixed load. 

The load on a bridge, whether fixed or moving, is always 
considered to be concentrated at the panel points. This, of 
course, is not strictly true, but a proper application of the 
assumption involves only a small error on the side of safety. 
If the moving load extends from one end of the bridge to the 
centre of any panel, or to the end of that panel, the panel 
point immediately in front of the train will not sustain a full 
panel load ; but if it be assumed that this panel point does 
sustain the //^// load, then a small error of safety will be com- 
mitted. Such an assumption is usually made in engineering 
practice, and will be made in all that follows. 

The moving load of a bridge may pass along the upper 
chord or the lower chord. In the first case the bridge is 
called a " deck ** bridge, and in the latter case a " through " 

i8 
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bridge. The methods employed in the determination of 
stresses in the various truss members are exactly the same in 
both cases. 

" Pony " trusses are through trusses not sufficiently high or 
deep to need overhead cross-bracing. 

Every truss-bridge is composed of the following parts : 

Upper and lower chords, 

Upper sway-bracing, 

Web members. 

Floor system, including beams, stringers, ties, floor-hangers, 
lower sway-bracing, and rails. 

The sum of the weight of the parts is the " fixed " load of 
the bridge. 

The character of the moving load is of the greatest impor- 
tance in the determination of truss stresses. The extra- 
ordinary weight of many coal or freight locomotives at the 
present day makes it necessary to take into account the extra 
locomotive weight which is situated at the head of a train, 
and in many cases, even, to consider the moving load made 
up of a train of locomotives. 

In some of the cases which follow, the moving load will be 
considered as composed of a train of loaded cars headed by 
dhe locomotive of heavy construction, since this case really 
involves the one of a uniform train of locomotives ; in other 
cases a heavy train of uniform density will be assumed. 

Art 7.— Highway Bridgei. 

In the case of highway bridges the calculations are pre- 
cisely the same as for railway bridges ; the moving load is 
assumed to be a uniform one, like a train of. locomotives. 
The greatest weight which can ordinarily come on a highway 
bridge is that of a dense crowd of people. The greatest 
weight of people in crowds may be taken at eighty-five 
pounds per square foot, although some experiments by Mr. 
Hatfield in New York City seem to justify him in taking it at 
seventy pounds per square foot. The greatest moving panel 
load of a highway bridge may then be found by multiplying 
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the width of the bridge (including sidewalks) by the panel 
length, and the product by the greatest weight per square 
foot. 

Sometimes highway bridges are subjected to enormous con- 
centrated loads of a special character. Such loads can only 
be known from local considerations, and the bridges must be 
built with a view to sustaining such special loads. 

All the methods used, then, in the following cases, which 
win be cases of railway bridges, are equally appUcable to 
highway bridges, and no further special attention will be given 
them. 



Art. 8. — Determination of Fixed Weight 
The determination of the fixed wei'ght of a bridge of given 
span, for the purposes of calculation, is a matter which in- 
volves some experience. The usual method is to assume 
some weight, guided by good judgment, then determine the 
stresses and cross-sections of the different members, and 
from these the total weight of the bridge. If the resulting 
weight is sufficiently near the assumed, the calculations are 
not changed. If the difference is too great, one correction is 
generally sufficient. 

In his " Pocket-Book for Engineers," Mr. Trautwine gives 
the following approximate expression for a single-track iron 
railway bridge. fF equals the weight in tons of the bridge 
per foot of span, and s equals the span. 

350 

s must be taken in feet, and the " ton " will be 2240 poundi 
The formula should not be applied to spans of over 300 feel 

In all cases following (unless otherwise specified), the flo< 
system and half the truss weight will be taken as c 
trated at the panel points of that chord along which tt» 
moving load passes. The remainder of the weight of 1 
bridge will be supposed to be concentrated at the pand 
points of the other chords. This is not always done, but i 
ought to be. 
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Art 9.— Single System of Bracing with Two Inclinations. 

The first case taken will be that shown in Fig. 2 of PI. I. 
The span, 5, is 120 feet; depth, d^ 12 feet; panel length,/, 
12 feet ; angle ACB, 20°, and angle ACD, 32° 2f. 

The locomotive will be taken as about equivalent to one 
of the Reading " Pusher " type. It will be assumed to be 
concentrated at four panel points. The cars will be taken 
as Reading coal cars loaded, and weighing 1820 pounds per 
foot of track. The bridge is a " through *' one, and single 
track. 

Let W =^ weight (fixed) concentrated at upper-chord panel 
points; W\ the same for the lower-chord panel points (this 
includes the flooring) ; zc/, the panel train weight ; and w\ the 
panel engine weight (there will be four of these, as shown 
above, at the head of the train). Then the weights taken 
will be : 

W = 5,460 pounds = 2.73 tons. 
JF'= 9,000 " = 4.5 
w = 21,840 " = 10.92 
w' = 33,960 " = 16.98 



«< 



tan A CB = 0.364. tan A CD = 0.636. 

sec " = 1.064. sec " =1.185. 

e = w — w= 6.06 tons. 

It may be stated that the weight of the floor system, not 
including the lower sway-bracing, has been taken at 300 
pounds per foot. It usually ranges from 300 to 400. 

It is well known that the greatest vertical shearing stress in 
any section of a solid beam, due to a continuous moving 
load, exists when the greater of the two segments, into which 
the section divides the beam, is covered by that moving load. 
But the moving load develops a vertical shearing stress, also, 
when it covers the smaller segment. It has already been 
shown that the office of the web members is to take up the 
shearing stress developed by the moving load as well as that 
due to the fixed load. Hence, in the determination of the 
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greatest web stresses, the moving load will be supposed 
brought on the bridge from the left (it might be from the 
right just as well), panel by panel, and the moving load will i 
always extend from the panel point in question to that end.4 
of the bridge which it first touched. This matter of th<y 
position of the load for the greatest web stresses is : 
important one. 

If a truss is perfectly symmetrical in reference to a vertict 
line through its centre, and if weights of uniform magnitutS 
are applied symmetrically in reference to the same line, the'] 
principle known as the " counterbalancing of weights " sim-J 
plifies very much the determination of web stresses in 
cases. 

In Fig. 2 of Pi. I., suppose equal weights, W, suspenddi 
at G and K, H being at the centre of the span. The wei^ 
at (7 will produce in the web members 9, lO, 11, and I2 thVQ 
respective stresses + -f^ IV sec ACB, —-^JVsecACD, 
^WsecACD. and -^^]V' sec ACS. The weight at . 
will produce in the web members 12, 11, 10, and 9 the respeo-J 
live stresses + jV ^V ^ec ACB, — -^ W sec ACD, + ^ W sec^ 
ACD, and — -^ IV sec ACB. These last are seen to 1 
exactly equal, but opposite in sign, to those stresses causet 
by the weight at G. But it is evident that any portion < 
material cannot be subjected to tension and compression ad 
the same time, hence the resultant stress in each of thos^ 
web members wil! be zero. Consequently, so far as the equa] 
weights at G and K are concerned, those members may I 
omitted from the truss. 

Weights so situated that the web members between them 
so far as they are concerned, may be omitted, are said to \ 
" counterbalanced." 

Considering then the stresses due only to the equal weighl 
at G and K, the stress in any web member between G and I 
will be either \V sec ACD or W sec ACB. Precisely th^ 
same may be said of any web member between K and I 

Any other pair of equal weigtits symmetrically located i 
reference to H might have been taken in either chord wit| 
exactly the same results. 
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In a symmetrical truss, therefore, the entire fixed load is a 
counterbalanced one. 

A portion of the moving load, also, after the head of the 
train passes the centre of a symmetrical truss, becomes coun- 
terbalanced. 

It is well known that every portion of any beam sustains 
its greatest bending moment when the entire beam is covered 
by the moving load. For exactly the same reason the great- 
est chord stresses will exist in a truss when the moving load 
covers the entire span. 

One other general principle, a special application of which 
has already been made, needs a passing notice before taking 
up specific calculations. 

If the action of forces exterfial to a piece of material tend to 
subject tliat portion of material to stresses of opposite kinds, the 
resultant stress will be equal to the numerical difference of the 
opposite stresses J and will be of t/ie satne kitid as the greater. 

This principle finds frequent application, for the moving 
and fixed loads often tend to give web members stresses of 
opposite kinds. 

Although it is customary for an engineer to find the stresses 
due to fixed and moving loads in one operation, they will be 
found separately in this first case, for the sake of simplicity 
and illustration of the principles set forth above. 

The web stresses due to the fixed load are as follows: 

On brace 10 + ^ W sec A CD = 4- 2.7 tons. 

** 9 -( W-\-\w') *' ACB=- 5.3 *' 

8 + ( W+IW) " ACD= + 11,2 " 

7 -{2W+iW) " ^Ci?=-i3.o " 

6 4-(2fF+Srr) " ACD= + \gA " 

5 -{-ilV^UV) " ACBz=-2o.7 " 

4 ^{iW^\w') " ^CZ?= + 28.4 " 

" 3 -(4f^4-}rn " ^Ci5=-28.4 " 

2 + l^W •{- %W') " ACD=-\-z6.g " 

" I ^{<,W+iW') " ACB=^i6A " 

The web stresses in 1 1-20 are exactly the same as those in 
lO-i respectively. 
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It Will be observed that these stresses are simply the total 
vertical shearing stresses multiplied by the secant of the 
proper angle. 

The upper-chord stresses are the following, commencing 
with panel i : 

In panel \. .(/^W ^ \W') (tan ACD 

4- tan A CE) + W tan ACB = 32.2 tons. 
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2..{3lV+iW'){tanACD 

+ tan ACB) + IV tan ACS + 32.2 = 57.13 " 

3.,{2W+ilV'){tanACD 

+ tan ACB) -f Wtan ACB + 57.13 = 74.8 " 

4..( IV+iW) {tan ACB 

4- tan ACB + IV tan ACB + 74.8 = 85.3 " 

5..( i W) (tanACD 

+ tan ACB) -b IV tan ACB + SS.3 = 86.6 " 



The stresses in the upper-chord panels 6 to 9 are precisely 
the same as those in panels 4 to i. All the upper-chord 
stresses are, of course compressive, and those in the lower 
chord tensile. 

The lower-chord stresses are the following : 

In panel i . . (5 PF + | W) tan ACB = 12.3 tons. 
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" 2..(4W+iW) {fan ACD + tan ACB) 

+ W tan ACD+ 12.3 = 41.8 " 

" 3. .(3f^+ ilV) (tan ACD + tan ACB) 

+ W tan ACD + 41.8 =64.1 " 

" 4. . (2 JT + f W) (tan ACD+ tan A CB) 

+ W tan ACD + 64.1 = 79.2 " 

" l.,(W-\-\W') (tan ACD ■'r tan A CB) 

+ W tan ACD + 79.2 = 87.1 " 
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The lower-chord stresses in panels lO to 6 are exactly the 
same as those in panels i to 5. 

The above are all the stresses caused by the fixed load. 

As has already been explained, the train will pass on the 
bridge from E^ and for the web members 3 and 4, 5 and 6, 7 
and 8, etc., the head of the train will be at (?, M ', J^ etc., re- 
spectively. Remembering that of the weight at (?, ^V S^^s 
to B\ of that at M', ^ goes to B; of that at % -^ goes to B> 
etc., there are found the following web stresses due to the 
moving load : 

In brace 3 . . + -f^w' sec ACE = + 1.81 tons. 

" '* ^..-^vf sec ACD =- 2.01 " 

" " l..^-(:U'^-f^)w' secACE =+ 5.4 " 

" " 6..-(tV + ^)«'' J^^^CZ) =- 6.0 " 

7- • + (iV + tV + t^ff) W sec ACE = + lO.S " 

8. . - (iV + A +f\r) «'' secACD = - 12.1 " 



li €1 



" " 9..+ (i +2 + 3 +4)^^^^^^^ = + 18.1 " 
« " io..-(i +2 + 3 +4) — jt-r^CZ^ =-20.1 " 
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« II . . + {(i + 2 + 3 + 4 + 5) «; + 14/-} 

-xV sec ACD = + 29.5 
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" 12.. -{(I +2 + 3 + 4 + 5)z£/+ 14^} 

^ji sec ACE ^ - 26.S " 

" i3.. + {(i + 2 + 3 + 4+ 5 +6)w + 

i9^e\^sec ACDz=: -^^.i " 

" i4..-{(i + 2 + 3 +4 + 5 +6)z£; + 

1 8^} ^ sec ACE= - 36.0 " 



15. . + {(1+2 + 3 + 4 + 5+6+7) 

w + 22^i tV s^^ ACD = + 52.0 " 
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In brace 16.. — ] (1+2+3+4+5 +6 + 7) 

w + 22f\-^ sec ACB= — ii,S.-j tod^ 

" " i7.. + i{i +2 + 3+4+ 5 + 6 + 7 + 

%)w^2()e\-hi!!ecACD=^ +65.3 

" " i8..-j{i +2 +3 + 4+ 5 + 6+ 7 + 

8)ic + 26c\-^scc ACB = -^%& 



. + 1(1 + 2 + 3+4 + 5 + 6 + 7 + 

8 + f^w ■^ioe\-^s€cACD = 



+ 79-8 



" " 20..-|(l + 2 + 3 + 4 + S +6+7 + 

8 ■>rf^w ^■^oe\-^secACB = — ^\£i 

The greatest web stresses may now be written on the dli 
gram. 

By an examination of the web stresses due to the fixd 
load, it is seen that the fixed and moving loads prodin 
stresses of opposite kinds in the web members 3 to lO. It { 
seen, however, that the moving-load web stresses do not n 
merically exceed those due to the fixed load until the hea^ 
of the train is at J, or until the brace 8 is reached. In 1 
braces i to 7, therefore, the stresses can never be of a difEd 
ent kind from those induced by the fixed load. 

The fixed-load stress in brace 8 is tensile, but when tti^ 
head of the moving load is at J it will be subjected 1 
(— 12. 1 + 1 1.2) = — 0.9 tons compression. 

It will be necessary, consequently, to give brace 8 such J 
form of cross-section as to make it capable of resisting coi 
pression as well as tension. 

A web member so constructed is said to be eounterbraced. 

By further examination of the numerical results it is set 
that all web members from 8 to 13 must be counterbrace^ 
and the amount of counterbracing is shown on the diagi 
along the braces 8, g, and 10. 

This, then, is the general- principle which regulates countd 
bracing: 

Counterbracing must begin with that web member in wkic 




SINGLE SYSTEM OP BRACING, 



27 



the stress of one kind produced by the moving load is greater 
than tfu stress of the opposite kind produced by tfte fixed load. 

Instead of counterbracing those web members, called 
" main^races** which carry the fixed load, it is the jommon 
practice of engineers (except when the angle ACB equals the 
angle A CD) to put in the dotted web members JP, GR, etc., 
for the purpose of transferring a portion of the moving load, 
on one side of the centre, to the farther abutment. These 
web members, represented in the present case by the dotted 
lines, are called " counterbraces,' or simply " counters** 

Between E and //, the web members indicated by odd 
numbers are in compression, hence the counterbraces will be 
subjected to tension only, or they will be " counter-ties** 

A web member in tension is called a " tie,** and one in com- 
pression a **post ** or ''strut.** 

Now so far as the simple principles of equilibrium are con- 
cerned, the vertical component of the stress in a counter is 
the difference between the amount of the fixed load carried to 
the nearest abutment and that of the moving load carried to 
the farthest abutment. For instance, the fixed load passing 
through brace 8 to /f is (Jr+ |{f^') = 9.48 tons, while the 
amount of moving load passing to B is 0.6 w* = 10.188 tons ; 
so that the vertical component of the stress in JP which will 
produce equilibrium is (10.188 — 9.48) = 0.708 tons. 

However, if two systems of bracing are designed to carry 
portions of the same load, some uncertainty will n<5cessarily 
exist, because it is absolutely impossible to attain perfection 
in workmanship, measurement, etc., and each system cannot 
be depended upon to carry just the portion assigned it. 

It is only a matter of ordinary prudence, therefore, to make 

the counters strong enough to carry all the moving load which 

passes to the farther abutment. The vertical component of 

the stress in yPwill therefore be 10.188 tons, and that in GR 

w' 
(i 4- 2 + 3 + 4) -- = 16.98 tons. 

Let the angle made by JP with a vertical be denoted by a. 



28 SPECIAL NON-CONTINUOUS TRUSSES. 

Then, tan a = 1.364; and Ian = 1.636 
sec a= 1.69; sec fi= I.917 

Hence, stress in 7P= 10.188 x 1.69 ^ + 17.2 Ions. 
" " GR= 16.98 X 1.917 = + 32.6 " 

The stresses in the other two counters are, of course, ] 
cisely the same as in these; they will be called into act 
only when the train approaches from the other direction. 

The web stresses in the main-braces are found by addid 
the results due to the fixed and moving loads, and are shoirf 
on the right half of the diagram. 

In the determination of the chord stresses, the head of t! 
train will be taken at D, and it (the train) will be takettl 
covering the whole bridge. 

With this position of the load, a little ambiguity arisesfl 
connection with the counters RL and PK. The fixed loattf 
L, or rather that portion of it which passes to E, may be 
taken as passing through LN, NK, KR, and RH to //, or as 
passing to the same point through LR, RK, and PK. The 
difference of these methods only makes a slight difference in 
the stresses of the panels 5 and 6. and as the counters are not 
necessary with the position of the load assumed, their exist- 
ence will be disregarded in determining the chord stresses. 

The same general remarks apply to PK as well as RL, in 
respect to the e at K. 

Since the head of the train may approach from either direc- 
tion, it is only necessary to find the chord stresses in the right 
half of the bridge, and the operations will be simplified by 
remembering that the loads c are the only ones not counter- 
balanced. The moving load upper-chord stresses are the foU_ 
lowing : 

In panel 9. . {y -f %iv) (tan ACB + tan ACD) = 67.32 

In panel 8. .(2*; -|- |a') [tan ACB + iatt ACD) 

+ 67.32 = 117.66 toa 
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In panel 7..{ e -¥ \w) {tanACB -k- tanACD) 

+ 117.66= 151.02 tons. 

In panel 6 . . ( + |ze/) {tan ACB + tan A CD) 

+ 151.02 = 167.4 tons. 

In panel 5 . . (-e^\w) (tan ACB •\- tan A CD) 

+ 167.4 = 166.8 tons. 

The moving lower chord stresses are the following : 
In panel 10. .(3 ^ + \w) tanACB = 24.5 tons. 

In panel 9. . {\\e + i%v) {tanACB + tan A CD) + 

{w + -f^e) tan A CD — -^e tan ACB + 24.^ = 85.64 tons. 

In panel 8. . (jS^ 4- iw) {tanACB 4- tan A CD) + 

{xi; + /jr) tan A CD — ^^e tan ACB + 85.64 = 129.8 tons. 

In panel 7. .(I'a^ + j^) {tan ACB + tan A CD) + 

(^ + A^*) ^^^ A CD — jV ^^« ^^^B + 129.8 = 157.0 tons. 

In panel 6. . (-^^^^^^ + iw) {tan ACB + tan A CD) -f 

{w + ^e) tan A CD — ^^,e tan ACB -¥ 157.0 = 167.21 tons. 

The horizontal component (compression) in brace 11 is 
{{^Tv — e) tan A CD] = 0.38 ton, and this added to the upper 
chord stress in panel 5 makes 167.18 tons, which is almost 
exactly equal to 167.21 tons, the stress in lower chord panel 
6, as it ought to be. This operation constitutes a good check 
on the work, and may be applied at all points. 

The reaction of the moving load at B is 67.32 tons. Then, 
in order to check the upper chord stress in panel 6, moments 
must be taken about K, whence the result : 

(67.32 X 48 — 16.98 X 3 X 24) 4- 12 = 167.6 = stress in RN. 

Again, taking moments about L : 

(67.32 X 36 — 16.98 X 2 X 18) -=- 12 = I5ix>4 = stress in 7 

(upper chord). 
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The same operations may be applied to 8 and 9. 
For tlie lower chord panels 6 and 7, moments about R and 
N, respectively, give : 

{67.32 X 52.37 — 16.9S X "4 X 22.37) -^ 12 — 167.2 = stress in 6. 
(67.33 X 40.37- 16.98 X 3 X 16.37)-^ 12= 157.0= ■■ " 7. 

These operations constitute perfect checks, and should be 
applied often. 

All the chord stresses might, of course, be found in this 
manner, and the trigonometrica! method used as a check, but 
it is not always so convenient. 

The same methods of checking applied to the chord stresses 
due to the fixed loads will be found to verify the results given 
above. 

The greatest chord stresses, given on the diagram, are found 
by adding those due to both the fixed and moving loads. 

The diagram thus constructed shows all the greatest stresses 
at a glance, and is the method usually followed. 

In the determination cf the greatest chord stresses there is 
very often assumed a moving load of somewhat greater in- 
tensity than w and less than w', to be uniformly distributed 
over the whole bridge. In the present case, for instance, for 
the purpose named, a uniform panel load of 13 tons might 
have been taken as covering the whole bridge. 

It should be .=itated that the excesses e at A", L. N', and D 
have been divided according to the principle of the lever, 
whereas those resting at the last three points might have been 
assumed to pass directly to B. and that at K directly to E, 
since those operations would give the proper reactions. 

It will be noticed, however, that the chord stresses will 
be the same whichever method is followed. The existence 
of the counters, however, as has been noticed, produces a 
little ambiguity. Two or three panel stresses in one chord 
will be very slightly increased, while a corresponding decrease 
will exist in two or three panels of the other. So long as the 
stresses found by one legitimate method of analysis are pro- 
vided for, the stability of the structure is assured. 



J 
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Art. 10.— Single System of Vertical and Diagonal Bracing— Verticala in 

Compression. 

The next case taken will be that of the truss shown in Fig. 
3 of PI. I. It is really the same as that shown in Fig. 2, with 
the angle A CB equal to zero. The data are also nearly the 
same as in the previous case, as will be seen below. 

Span = 120 ft. Height, or depth, of truss = 15 ft. 

Panel length = 12 ft. Angle DCB = a = 38° 40'. 
Tan a = 0.8. Sec a = i .2807. 

IV = 5,460 lbs. = 2.73 tons. 

W = 9,000 " =4.5 

w = 21,840 " = 10.92 

^' = 33>96o " = 16J98 
zo" = 15.00 " (Uniform load for greatest 

chord stresses.) 

e = w' — w = 6.06 tons. 

As is indicated above, the greatest chord stresses will be 
found by taking a uniform but heavy load, whose intensity is 
between ze/ and w'. 

As before, the excess e will be found at four panel points 
at the head of ^he train, and it will be used in finding the 
greatest web stresses. 

In this case and those that follow, the stresses due to the 
fixed and moving loads will not be found separately. 

It is evident that the vertical web members will be in com- 
pression and the inclined ones in tension. 

The moving load is supposed to traverse the lower chord. 

The compressive stress in brace 8 caused by the moving load 

tv' 
has a maximum value of (i -f 2 + 3) — sec a^ or (10.2 x sec a\ 

but the fixed tension in the same members is }( ^F -f IV ') sec a, 
or (10.83 ^ sec a): since the latter exceeds the former, no 
counterbracing is necessary in panel 4. The counterbrace 
GR', however, is needed. 
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Greatest stress in GR' = (1+2 + 3 +4) — sec a 

^ "^ 10 



(( 



ii 



it i( 



= + 21.75 tons. 



TV 

" " ii..= (1+2 + 3+4)—+ IV 

^ '^ 10 



= - I97I 



« 



(( It n 



i2..= |(i+2 + 3+4+5)^ + 

He-i i( JV+ IV) I sec a = + 36.47 



" " 13. . = (1+2+3+4+5)- + 

^e+^lV+ilV =- 31-21 



U 



u 



II «( « 



i4..= |(i+2 + 3+4 + 5+6)^ + 
\U + li^^+ "'") \scca = + 57.24 



(t 



" " " 15..= (1+2+3+4+5+6)— + 

He + ^JV+llV =- 4742 " 

u u « 16 -: I (1+2 + 3 + 4 + 5+6 + 7)— +- 

\le + |( FF+ W) \^seca = + 79.39 " 



" 17. .= (1 + 2+3+4+5+6+7) — + 

\le +JfK+ |fF' = - 64.72 " 

« " " 18. .= I (1+2 + 3+4 + 5+6+7 + 8) — + 



\^e + 3 (ff^ + JF') I jrr a = + 102.95 



« 
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Greatest stress in 1^..= (1+24-3+44-5+64-7 + 8)— + 



M 



^e^\w^\\r 



= — 83.11 tons. 



U li 



20 



..=!< 



IV 



1+2 + 3+4+5+6 + 7 + 8+9) — + 

f 5 r + 1 ( ir + W) I ^rr Of = + 127.9 tons. 



w 



u u .< 21..= (1+2 + 3+4 + 5+6 + 7 + 8+9) — + 



^j^ + YJF+fJF' 



= — 102.59 tons. 



The greatest chord stresses are found by taking the uniform 
load w' over the whole bridge. They are the following : 



In 


panel 


I.. 


U 


«« 


2.. 


it 


it 


3-. 


€i 


u 


4.. 


it 


li 


5.. 



upper Chord Stresses. 

.\(w" -^ fF+ W')tan<ji 
I (V' + IF+ W) tan a + 80.03 
.f {zu" + ir+ ]V ) tana -^ 142.27 
t (!£/" + Jr+ ir ) /^i« a + 186.73 

^ ^li/" + jr + jr) /tf« Of + 21341 



80.03 tons. 
142.27 
186.73 
213.41 
222.30 



4< 



it 



tl 



u 



Lower Chord Stresses. 



In panel i 
" « 2 






3 
4 

s 



...l("'" 


• « 

+ 


JV^ 


• • • • 

JV) 


. . . • 

tan 


m • 

a 


• • 


... 


• • • 


.-■H«'" 


+ 


IV + 


JV) 


tan 


a 


+ 


80. 


03 


. . . 1 (a'" 


+ 


IV + IV) 


tan 


a 


+ 


142. 


.27 


...Kiy" 


+ 


w + 


IV) 


tan 


a 


+ 


186. 


•73 



o tons. 
80.03 " 
142.27 
186.73 

213-41 



a 



<« 



« 



The connection at H will sustain a stress equal to that in 
the upper chord panel 5. 

In determining the chord stresses, the existence of the coun- 
ters has again been ignored, as it may be. There is no stress 
in the end lower chord panels for the end post i is vertical, 
and the stress in it has no horizontal component. 

3 
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The chord stresses are checked by the method of mometttl 
as follows : taking moments about H : 

(23.23 X 4.5 >^ 60 — 22.23 X 4 X 30) ^ 15 = 222.3 tons - 
in upper chord panels 5 and 6. 

Taking moments about M and J : 

(22.23 ** 4-5 *< 36 — 22.23 ^ 2 X i8)h-i5 = 1 86.73 tons = stra 
in upper chord panel 3 or lower chord panel 4. 

Taking moments about 0\ 

(22.23 X 4.5 X 12) -^ 15 = 80.03 tons = stress in upper choi 
panel i or lower chord panel 2. 

As was shown in Art. 5, the stresses In diagonally oppoi 
panels must be equal to each other for uniform loading. 

In reality it is scarcely necessary to check any chord stresses 
besides those in the middle panels, because they are the sum 
of the increments existing at all the other points, and it is 
hardly probable that errors will exactly balance each other. 

The end braces, or posts, are frequently, and perhaps 
usually, made inclined instead of vertical. In that case the 
members EF, FS, and FO of Fig. 3 are omitted, and ES 
(dotted) inserted ; the latter member then becomes the end 
post, and it is subjected to compression exactly equal to the 
tension in braces 2 or 20 of Fig. 3. This arrangement is 
shown in Fig. 4, which represents a portion of one end of the 
same truss as that shown in Fig. 3, but drawn to one half the 
scale. The stress in the vertical OS now becomes tension and 
equal to (if' + W) = 21.48 tons only. Since £5 is inclined, 
EO has the same tension as OM', OS being vertical and 
having no horizontal rectangular component. 

This arrangement saves considerable material, as may now 
be easily shown. Let 4 tons per square inch be the compress- 
ive working stress, and 5 tons that quantity for tension. 
The length of ES is 230.4 inches. In Fig. 3 the cubic inches 
of wrought iron, say in EF, FS, OS, and OF are (185.7 ' 



SINGLE SYSTEM OF BRACING, 35 

-^ 4 + 80.03 X 144 -7^ 4 -h 127.9 X 230.4 -7- 5) = 17130. In the 
same manner, the number of cubic inches of wrought iron in 
ESy EO, and OS, in Fig. 4, are (127.9 ^ 230.4 -f- 4 + 2148 x 
180 ^ 5 + 80.03 ^ 144 ^ 5) = 1045 1. Taking the density per 
cubic foot of wrought iron at 480 pounds, the weight of ma- 
terial saved by the inclined end post is (17130 — 10451) x 480 
-f- 1728 = 1853 pounds, nearly. 

It is seen that a pair of web members consisting of one 
vertical brace and one inclined one intersecting in that chord 
which does not carry the moving load, sustain their greater 
stresses at the same time. The principle Jtolds true w/utJter 
the bridge is " through " or " deck'' 

If the bridge is a " deck " or " overhead " one, for instance, 
the train must cover the segment FR for the greatest stress in 
RK, and this position of the moving load will also give the 
greatest stress to KN. 

It is certain, then, that the greatest stresses in the chords and 
inclined web members are exactly t/ie same w/iether the bridge is 
a deck or a through one. 

In the case of a deck bridge, however, the stresses (greatest) 

in the vertical web members are considerably increased, and 

the amount of that increase due to the moving load has the 

following value.* Let / be the number of panels in the 

bridge, n the number covered by the moving load when the 

bridge is a deck one, and ri the number of panels covered by 

the excess e ; the increase of stress in any vertical web mem- 

. /« , (n — n\ \ (n «' \ , 

ber IS (7^ 1 ^) = w^"^"~7^y» when n is greater 

than n\ If n is less than n', all the excesses e are not on the 



bridge, and the increase is simply (y^'')* If there i 



IS no 



excess e 
the train. 



, the expression is simply (7^) for all positions of 



* If the bridge is an overhead one, the floor system rests on the upper chord. 
Consequently each vertical brace is subjected to an increase of compressive stress 
(due to the fixed load) equal to ( W — W\ over that which would exist if the 
bridge were a through one. 
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Thus it is seen that vertical and diagonal bracing, withti 
verticals in compression, requires a greater amount of niaten 
in a deck bridge than in a through one, and consequently is 
better adapted to the latter class. 

When built principally of wood, this truss is frequently 
called the I'ratt truss; when built of iron, the Murphy- 
Whipple truss. This system of bracing is also frequently 
called single cancellation, since each diagonal or inclined web 
member crosses or "cancels" a single pane!. 



The truss to be taken up next is that shown in Fig. i, PI, 
II. This truss is also a special case of the one shown by 
Fig. 2, PI. I., obtained by making zero the angle ACD of 
that figure. In this case, evidently, the inclined web mem- 
bers are subjected to compression, and the vertical ones to 
tension. 

The span, depth, and number of panels will be seen to be 
the same as before. The moving load will be assumed to 
traverse the upper chord, making a deck truss, and the great- 
est chord stresses will be found by taking the actual train, 
and not by assuming a uniform load vj". 

The following are the data taken: 



Span = 120 feet. 


Depth 


of truss 


= 15 feet. 


Panel length = 12 feet. 


Angle 


DCB 


= .= 38-' 4 


ian a = 0.8 


sec a 




= 1.2807 ' 


ir = 4,8 tons. 


W 




= 2.5 tonsi 


If = ii.DOtons. 


w' 




= 1 7.00 torn 


f = zc' - £ 


V = 6.00 tons. 


1 



The vertical component of the compression in brace /t 
to the fixed load is 1(IV + JV) — 10.9 tons, and the sheari 
stress due to the moving load, in the same brace, which woi 

tend to produce tension is (1 + 2 + 3) — = 10.2 tons. Heq 
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PH is the only counterbrace needed in that section of the 
centre of the truss. 



Greatest stress in PH= (i +2 + 3+4) — sec a = — 21.77 tons. 



« « 



« 



" 10 = (1+2+3+4) ^+ ir'= + 19.50 " 



" " 11 = {(1+2+3+4+5)^ + 



\{W-{-\V')^\^e\scca=-- 36.57 



li 



" " " i2 = (i+2 + 3+4+5)^ + 



\W' + \W^\^e= + 31.05 



il 



" " "13=1(1+2 + 3+4+5+6)^ + 



\{IV + n') + \%e\seca=- 5744 



« 



« « i4 = (i+2 + 3+4+5+6)- + 



|JF' + iIF+iJv=+ 47.35 



" " i5 = Ki+2 + 3+4 + 5+6 + 7)-,5 + 

i{W + lV) + \le\seca=- 79.72 



u u " 16= (1+2 + 3+4+5+6 + 7)— + 



ii 



u 



}fr' + f IF+f«r= + 64.75 



u 



u u ,7 = 5(14.24-3+4+5+6+7 + 8) - + 

1{IV' +IV) ^^eluca^-- 10341 « 
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W 

Greatest stress in i8 = (1+2 + 3+4+5+6+7+8) — + 

I PT' + J M^+ f J^ = + 83.25 tons- 

w 

a a « jg- 1(1^.2 + 34-4+5+6 + 7 + 8+9)— + 



i{lV' + W) -{-^e\secaz= - 128.52 



ii 



The head of the train will be taken at C in the determina- 
tion of the greatest chord stresses, and the existence of the 
counters will be ignored, as was done before, since they are 
not necessary with this position of the load. 

The greatest upper chord stresses are the following : 

In panel 8. . {| (z£/ + fF + IV ') + 3^} tan a = 80.28 tons. 



<t u 



ii ii 



7. . {J (z£/ + W+ W) + 2e\ tan a + 

80.28 = 141. 12 " 

6. . {| («; + W -{• W) + e\ tan a + 

141. 12 = 182.52 " 



ii i( 



5 . . { i (z£/ + fT + IV')\ tan a + 182.52 = 204.48 " 

In the lower chord the following stresses exist : 
In panel 10. . j J (tc; + W^ + W) + 3^} tan a = 80.28 tons. 



a a 



ii ii 



9. . H(«^ + W^ + ^') + 2e\ tan a + 

80.28= 141. 12 " 

8..{H«^+ W^+ Ji^O + ^l tana^ 

141. 12 = 182.52 " 



a a 



ii a 



7. .{!(«; + IV -\- IV)] tan a + 182.52 = 204.48 " 

6. .\\(w '\- JV-h W) - e\ tan a + 

204.48 = 207.0 " 

The results are checked by the method of moments as fol- 
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lows. The reaction at B is (4J (z«/ + W^+ W') + y). Taking 
moments about AT: 

\(A\{w^ W-^ W) + 3^) 4)l>-4(z«/ + fF+ W ^e) \p\ 
-7-15 = 204.48 tons = stress in upper chord panel 5 or lower 
chord panel 7. 

Taking moments about N' : 

(4H«'+ W^W')2p ^ y .2p " {w ^- W+ W' + f)p)-i'iS 
= 141. 12 tons = stress in upper chord panel 7 or lower chord 
panel 9. 

Taking moments about R : 

J4.1(^+ IV + W')sp + 3e.sp-4{w + IV -h W')2\p- 
4^ • 2.2/1- -T- d = 207 tons = stress in lower chord panels 5 or 6. 

If the bridge were a through one, the moving load would 
traverse the lower chord, and the floor system would rest on 
that chord. The stresses in the chords and uulined web menu 
bers would remain precisely t/ie same as in t/ie case taken. The 
stress in the vertical web members, however, would be in- 
creased by the amount (W — W) + f ^w; + -^j, in which n 

and n' are the numbers of panels covered by the moving load 
and excess e when the bridge is a through one, and / is the total 
number of panels in the span. As in the preceding case, if 

9 

»' > n, then y- ^ is to be omitted, and ~ w' is to be written for 
n 

jW. 

It is thus seen that this style of bracing is more economi- 
cal when used in overhead bridges than in through ones. 

Any pair of web members intersecting in that chord not 
traversed by the moving load are sure to take the greatest 
stresses together. 

When built of wood, with the exception of the vertical 
braces being of wrought iron, this truss is styled the " Howe" 
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truss. When the compression and tension members are built 
of cast and wrought iron respectively, it is frequently called 
the " Jones" truss. 

One disadvantageous characteristic of this bracing is that 
the longest braces are in compression. 



Art. 12. — Two Syttema of Vertical and Diagonal Bracing— Verticals In 

Compr«B»ion. 

The style of truss shown in Fig. 2, PI. II., next to be 
treated, is probably the most used of all in American practice. 
The vertical braces are evidently in compression, and the in- 
clined ones in tension. The truss is composed of two systems 
of right-angled triangulation shown in Figs. 3 and 4 of the 
same plate. The action of the loads in one system may be 
considered as taking place independently of the actions of 
the loads in the other ; at the same time equal loads symmet- 
rically placed in reference to the centre, though resting on 
different systems of triangulation, may be considered counter- 
balanced. This ambiguity cannot be obviated with a symmet- 
rical load, except by the omission of the dotted web members. 
In the determination of the moving load web stresses, each 
truss is supposed to act independently of the other. The 
ambiguity in the web stresses aflected, however, is not of a 
dangerous character, for the reason already given in Art. 9. 

The web stresses due to the fixed load will be determined 
on the supposition that the web members shown by the 
dotted lines do not exist. 



The data to be used arc given below : 



Span = 210 feet. Depth of truss = 26 feet. 

Number of panels ~ 15 Panel length = 14 " 



W (upper) = 9100 lbs. — 4.55 tons = 650 lbs. per foot. 
VV (lower) = 14000 " = 7.00 " = lOOO " " ' 
w = 13 tons. If' = 20 tons. 
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Angle QNO = a Angle MNO = /3 

tan a = I -077 ^^^ ^ = ^47 

tan /3 =0.538 sec /S =1.136 

The excess e will be taken at four panel points as before ; it 
will also be used in determining the chord stresses. 

The counterbrace 16 is the first one needed. Carrying the 
moving load on the bridge from i?, panel by panel, the great- 
est web stresses are found to be the following : 

In brace 16. .ff w sec a -\- \^e sec a = + 22.15 tons, 

" 1$ "{i w sec a -h \\ e sec a = + 28.62 " 

" 14.11^ +H^+PF =- 19.62 " 



it 



i.,mw + {ie)sec a -\- {lV-\- W) sec a 

= + 52.06 " 

" ^3"H^ + H^ + ^ =~ 24.02 " 

" 2,.{^w+ ^e+lV-h W) sec a = + 59.80 " 

" 3..Hu; + ^e + 2W+ W =- 39.97 " 

" 4. .•!!*«'+ \ie-i-2{lV+ W)\seca 

= + 84.53 



ti 



= + "9-53 



« 



il 



9*'H^ + He + 3iy-^2W' =- 68.18 

io..lf|Z£;+ ^e-^ 3 {IV-^ W')\ sec fi 

= -h ICXD.33 



ii 



" S..H'Uf + \ie + 2lV+ JV' =- 45.23 " 

" 6..{^w + ^e + 2{lV+ W)\ seca 

= + 93-54 



l< 



y,.^w + {ie + zlV-h 2IV' =- 62.05 " 



li 



u 



u 
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In brace ii. ,w' + W = + 27.CX) tons. 

" " 12.. y{w+ IV + W) sec /5 + {ie sec /a 

= — 221.73 " 

# 

The stresses in each system of triangulation are found by 
virtually taking that system as a single truss supporting only 
the weights at the apices belonging to it. 

The greatest chord stresses will be obtained by supposing 
the train to cover the entire bridge, with the four excesses e 
at panel points i» 2, 3, and 4. 

Greatest stress in a = 3 {w + W -\- W) [2 tan ft + {tan ft 
+ tan a)] 4- (z£/ + W -V W) tan p -\- e (4 tan /3 + tan a) + 
^e 2 tan S = — 236.51 tons. 

Here it should be explained that since fj^ = 3i^ is found 
in the reaction at R^ the three e*s at panel points i, 2, and 3, 
and \ of that at 4 may be taken as passing directly to Ry 
while I of the ^ at 4 passes to M through 5', 2', 16, 14, i, 3, 
etc. Counterbrace 16 thus comes into action. 

Greatest stress in ^ = [2 (w 4- W -\- W) 4- J ^] tan a 4- 

236.514 = — 291.91 tons. 

" " " ^r = 2 (ze; 4- W^ 4- W) tan a 4- 

291.907= -344.79 " 



a u 



" ^/ = [(w/ 4- lV-\- W) -ie'jtan a + 

344.787 = - 366.20 " 



u li a 



erz{w -h W+ W) tan a 4-' 

366.201 = — 392.64 " 

The panel stresses in ^, f, and g will be the same ; and if 
the loading were uniform over the whole bridge, the panels e, 
fi gy fh and k would all be subjected to the same stress. 

Greatest stress in / and w = [7 (w 4- H^ 4- W) 4- 3i e'] tan ^ 

= 4- 105.01 tons. 



u 



" " w = [3 (tt/ 4- fF 4- W') 4- H^l tan fi 4- 

105.009= 4- 149.65 " 



. L 
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Greatest stress in ^ = [3 («; + W -^ IV ) 4- r] tart ot -h 

149.654 - 4- 236.51 tons. 



li u 



a ii 



" / = [2 (w + W -{• W) + i r] tan a 4- 

236.513 = + 291.91 " 

" ^ = 2 (w + W -{• W) tan a -ir 

291.906= + 344*79 " 

" ** '' r - {w -¥ W + W - \e) tan a -{- 

344.786 = + 361.17 " 

" " " ^ = (w 4- JT + W) tan a 4- 

361.174= 4- 387.61 " 

It is to be noticed that diagonally opposite panels in the 
upper and lower chords, up to the counterbrace 16, beginning 
with the panels a and o, are subjected to the same amountH 
of stress, but of opposite kinds. 

If the loading were uniform over the whole bridge, thi» 
equality of the pairs would continue to the centre ; alv>, the 
stresses in the panels e^f^g^ A, k, and / would be equal to 
each other. 

If the end posts were vertical, there -would be obvious 
changes in the stresses of the panels /, m, and n Uhat in / 
would be zero J. The upper chord panel htrcsvc^ would not 
be changed. 

The whole truss in Fig. 2. PL IL. i% compo^d of the two 
s>'stems of triangulation shown in Fig^^. 3 and 4, and frar^h of 
these is to be considered separately in checking th^ c)v/t4 
stresses by the method of n-.o^itnt*. Denotfr by ^ K ^ an/i 
(K') the reactions at the pr,:nu irAlrjtvA by tb*: \:€Tri^. Mter% 
in Figs. 3 and 4. then cWi-i*: th^ tot;«I load vy,/*^yr.^A by 
each system into two p*^rt4, ac<Kfrdtng t<f thi prtfutpU fff th€ 
Itvcr^ and there will rt-ult : 

iR\ = \\ 7 c.- • ;r • ;r • ;^ 2^ - r.^ r^; v/r.>. 



\ 
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If the diagonals are in tension, according to this value c 
{R'). D'L' should be drawn, and not K'E'. The latter isl 
taken, however, for a reason that will appear presently. 

The sum of {R) and (R") is just equal to the total reacti<M 
at R in Fig. 2, as it ought to be. 

Indicate by {BC), (D'C), (li), etc., the stresses in the panefej 
represented by those letters. Taking moments about //and! 
G respectively, there result : 

{BC) = -{HK) = {{R')xR'H-2(w'+ W+ lV'}(GI/+iFG)-}-t 
{AS) = -{GN) ^l(R) xR'G -(w' + iV+ lV')FG]-i-d. 

Also, taking moments about K' and H': 

(CD') = [{R')xR'-K'~2{n;'+W+W)(fr-IC' + iG'If')-]-i-d 
{B'C') = -{H-K') = [{R")y. R"H'-{w -^ W+W) G-H-)~d. 

Similar expressions will give the chord stress in every pand 
of Figs. 3 and 4; and having found these, the resultai 
stresses in Fig. 2 are simply the sums of the proper pairs^ 
3 and 4. 

(rf) = {BC) + {CD') 
(f) = {CD) + {CD') 
(0) ^ {GH) + (G'H-) 



taken from 
Thus, 



.etc. : 



etc. 



This system of determination by moments may be applie 
to any truss with parallel chords, however many systems < 
triangulation there may be. 

The method also applies to any irregular loading, for thc(J 
stresses due to each panel load may be found separately, andfl 
the sum caused by all taken. 

Web stresses may also be checked by the same method, 4 
since the increment of chord stress at any panel point is equal-l 
to the sum of the horizontal components of the stresses in'] 
the web members intersecting at the panel point in question. 4 
Such a check, however, is a very tedious one. 

Applying the above equations to C ' D' in Fig. 4 : 

{C'D') = (91.397x84 - 2 X 31.5s X 42) ^ 26 = 193.3s tons. 
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Also, to CD in Fig. 3 : 

{CD) = (103.787 X 98 - 2 X 31.55 X 70 — 24,55 X 28) -^ 26 = 

194.95 tons. 

But the sum of these two is 388.3 tons, whereas {e) = 392.64 
tons. This discrepancy, not very great, is easily explained. 
The loading {zv + IV •{• W) is counterbalanced in Fig. 2, but 
is not in Figs. 3 and 4. 

In Fig. 2 all the load on the left of the centre of the span, 
except f ^ at 4 or //', is assumed to pass directly to R (or 
R' and R"), Hence in Figs. 3 and 4, to be consistent with 
Fig. 2, there should be taken : 

{R') = 4(zt^ + W+ W) ■{- 2e- 1 12.2 tons. 
\r") = 3 (w + W+ W) -^ie= 82.983 tons. 

Introducing these in the general formula : 

(e) = {CD') + {CD) = [112.2 X 98 + 82.983 X 84 - 31.55 X 
84 — 31.55 X 140 — 24.55 ^ 28] -7- 26 = 392.75 tons. 

This result agrees sufficiently well with that obtained by 
the trigonometrical method. 

With the last value of {R"), K*E will be in tension. 

It is thus seen that with an uneven number of panels a 
little ambiguity exists both in reference to the greatest chord 
stresses and the greatest web stresses, when there are two 
systems of triangulation. This ambiguity always exists^ wltat» 
ever the number of systefns, if the component systems are not 
sytnmetrical in reference to tlie centre line of the span^ and it 
always disappears if tliey are symmetrical in reference to t/uzt 
line. 

With an even number of panels in the span and two sys- 
tems of triangulation no ambiguity exists. 

These observations in reference to ambiguity apply as well 
to isosceles bracing as to vertical and diagonal. 

In the example taken there are only two systems of triangu- 
lation, but precisely the same method is to be followed what- 
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ever the number; in determining the web stresses, each sys- 
tem is supposed to carry those moving weights only which 
rest at its apices, and the same is true in reference to chord 

stresses for unsymmetrical loading, uniform "loading beinff 1 
supposed counterbalanced for either stresses. 

The slight changes to be made for an overhead bridge, or 
for verticals in tension and diagonals in compression, are evi- 
dent from what has already been given in preceding articles. 

It is seen that any two web members intersecting in the chord 
not traversed by the moving load receive their greatest stresses 
at the same time; the principle, indeed, is a general one. 

When built in iron, this truss is frequently called the Lin- 
ville truss. 

Art. 13.— TruM with XTnifonn Diagonal Bracing— Two Syitems of TA- 

angulallon. 

This truss is shown in PI. X., Fig. 6, and, although taken 
here as an ordinary pin connection bridge, precisely the 
same method of calculation is to be used for a " lattice " truss 
with riveted connections. 

No locomotive excess will be taken, but a heavy moving 
load of uniform density will be assumed. The following are 
the data: 

Span = 182 feet. Depth • = 23 feet. 

Panel length ~ 13 " Number of panels = 14. 

Fixed load ; 

W (upper) = 450 pounds per foot = 2.925 tons per panel 
W (lower) = 800 " " " = S.2 " " " 

Moving load ; 

w = 2800 pounds per foot = 18,2 tons per panel. 

Angle AaB = cr. 

tan a = 0.565. 

W sec a — 3.364 tons. 

— sec (t = t.^ioo " 
W tan a = 2.94 " 



W sec a 


= 


r.iS. 
5.9S tons 


IV fan a 


= 


1.653 " 


w la» a 


= 


10.28 " 
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The vertical members aB and tS are for tension only. 

The moving load will be taken as passing from A to 7", and 
its head will be supposed to rest at the various panel points 
in succession, in the determination of the web stresses. 

The notation for the stresses is one which will frequently 
be used hereafter. The stress in any member is indicated by 
inclosing in a parenthesis the letters which belong to it in 
the figure. 

Head of moving load at D. 
{dF) = }i fF' 4- IV -^w] scca= ^ 2.6 x sec a. 

Hence the stress in dF^N\\\ always be tension. 



Head of moving load at E. 
{Ee) = {Aw — IV — i IV \ scca = — 179 x sec a. 

Hence the stress in Ee will always be compression. 
The web stresses desired are, then, the following : 



im = - 


( ilV + W-^j7a)seca 


- + 


7.15 tons. 


{eG) = 


( W'+ ilV-^\-zo) 


u 


= — 


1.34 ' 




(Gg) - - i 


[ ilV-Uzc') 


n 


— + 


16.32 ' 




{/m= 


iiW --f,7a) 


a 


— — 


10.51 ' 




{Hh) = 


[iW + 1 J It;) 


ti 


- + 


26.99 ' 




(gK) = - 


( VV+ Vi w) 


n 


=1 — 


19.68 ' 




{Kk) = 


( W'+ ilV+^»zt;) 


a 


+ 


37.66 * 




{hL) - - ( 


(5fr'+ lV+\lzv) 


« 


= — 


30.35 ' 




{LI) = 


(lilV + fF+t5«') 


11 


+ 


49-83 ' 




{kO) - - 


( W + liJV+U7^') 


ti 


— 


41.02 * 




{Oa) - ( 


[2IV' + iiPK+ JJk;) 


u 


= + 


62.00 * 




{/P) --( 


[lilV + 2l^+«jw) 


u 


— 


53.20 ' 




iP/>) = ( 


(2j W + 2W+ IJ w) 


it 


- + 


75.68 * 




(oQ) =-i 


[ 2lV' + 2iW+^lw) 


li 


• 


65.37 ' 




{Qt) - I 


[ zW + 2JJF+ W'w) 


It 


= + 


89.35 ' 




(pS) - - ( 


{2ilV' + 3JV+ ^izv) 


<( 


: — — 


79.04 * 




(/r) =-. 


t^{]V' + W+ It/) 


<t 


= — 


197.24 ' 




(/5) = 


ZlW + iW+\lw 




= + 


90.68 ' 
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With the moving load covering the whole bridge, the fol- 
lowing chord stresses are found : 



{ab) = - {giW + g IV + 9J w) tan a 
(dc) - — - 



{cd) 
(de) 

i.ef) 

(fg) 
(AB) 

{BC) 

i.CD) 

{DE) 

{EF) 

(FG) 

(GN) 



(ad) -5 
(be) - 4 

(cd) -3 
(de) - 2 

('•/) - 

(AB) +(2 
(BC) + 5 
(CD) + 4 
(DE) + 3 
i£F) + 2 
(FG) + 



n 
(( 

t( 



li 
l( 
n 
(I 



tt 
u 
u 
li 



JV + W+w) 

) 
) 
) 
) 
) 

W + l W+ 25 w) " 
W + W+zv) 

) 
) 
) 
) 






(( 
<< 
(( 
(< 






(4 
li 
11 
4( 
(< 



= — 141.46 tons. 
= -215.83 
= - 275.33 
= -319-95 
= - 349-70 

= - 364.57 
= + 96.68 

= + 134.69 

= + 209.06 

= + 268.55 

= +313.17 
= + 342.92 

= + 357.80 



li 



« 



<t 



<( 



ti 



a 



li 



u 



II 



u 



n 



u 



The following operations constitute a check on the accuracy 
of the chord stresses. 

The horizontal forces exerted at the joints g and //", respec- 
tively, are : 



and 



(fg) — I Wtan a = — 365.40 tons. 

{GH) ^1{W' ■\-w) tan a = + 364.41 *' 



The horizontal force exerted at either one of these joints, 
as found by the moment method, is: 



T(}V' + rF+ zu) X 0.25 X 182 _ 

23 "■ 



364.5 tons. 



The agreement is close. 

It is to be observed that i^Ff) is the greatest tensile stress 
in liL, also ; and, on the other hand, that (liTS) is the greatest 
compression stress Ff, Similar observations apply to the 
pairs of members cG^ kK\ Gg, Kg; fH, Hh, 

These, consequently, are the only web members which need 
to be counterbraced. 

Precisely the same methods of calculation apply, whatever 
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may be the number of systems of triangulation or the char- 
acter of the load, or whether the truss be a through or deck 
one. 

If Fig. 6 represented a deck truss, however, the compres- 
sive web stresses would be increased and the tensile ones 
diminished, while the chord stresses would remain the same. 
Since the increase of compression in any web member would 
numerically exceed the decrease of tension in the adjacent 
one, the truss is better adapted to a through load than a 
deck load. 

This truss, particularly with only one system of triangula- 
tion, is frequently called the ** triangular" truss. 

Art. 14. — Compotmd Triangular Tnus. 

A very economical style of truss, in point of quantity of 
material, is that shown in Fig. i of PI. III. The truss is of 
the ordinary isosceles bracing, and formed of two systems of 
triangulation, but a half of the floor system and moving load 
is carried by verticals directly to the intersections E, h\ etc. 

Half the weight of the trusses is supported at the apices of 
the main systems, as H and J/, in the upper chord, and half 
at the apices, as P and R, in the lower chord. The truss 
chosen is a deck or overhead truss; consequently half the 
floor system and moving load will be supported by the verti- 
cals in compression. The weight of the floor system will be 
taken at 300 pounds per foot, and the moving load taken will 
be a uniform one made up of a load of heavy engines weigh- 
ing 2700 pounds per foot. In such a case there is no ex- 
cess e. 

The following are the data : 

Length of span = 200 ft. Depth of truss = 27.75 ^t. 

Upper-panel length = 12.5 ** tan CDL = tan a = 0.9 
Lower-panel length = 25.0 " sec CDL = sec ex = 1.345 

W (upper) = 25 X 500 -f 12J X 300= 8.125 tons. 
JFj (middle) = 12^ x 300 = 1.875 

W (lower) =25 X 500 = 6.25 

w—w = 12J X 2700 = 16.875 

4 
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The middle loads Wx or w are applied to the trussing as 
follows. The adjoining figure represents a portion of the 
truss in question as indicated by the same letters HMPR (see 

figure in plate). Any weight rest- 
ing at K is carried down to the in- 
tersection, or two apices A and B^ 
and the proper portion of each 
load is hung at each apex. In the 
truss in question, A C, in the ad- 
joining figure, will represent W of 
the weight at K^ and BD -^ of the 
same weight. The moving load is supposed to pass on the 
bridge from A. By examination it is seen that o and s are 
the first members which need counterbracing. The head of 
the train must be at the panel point between / and e for 
greatest moving-load stress in j, and at the panel point be- 
tween/* and ^for that in o^ and at corresponding positions 
for other web members. 

Fixed-load stress in j. . = J ( PF + W^ sec a= — 6.73 tons. 




Moving-load stress in j. . = (i +3 + 8 + 5) — sec a 

32 

= + 12.05 " 
Fixed-load stress in o,, = ^{W' -\- W^ sec a— + 5.46 " 



Moving-load stress in <?. . = (i + 4 + 3 + 5 + 12) — sec a 

32 

= - 17.73 " 



Fixed-load stress in p. .= \W sec a 



= - 546 " 



w 



Moving-load stress in /. . = (i + 3 + 8 + 5 + 7) — sec a 

32 

= + 17.02 " 



Fixed-load stress in r, , = i W sec a 



= + 4.20 " 



t ' 
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Moving-load stress in r. . = (i + 4 + 3 + 5 4- 12 + 7) — sec a 

32 

= — 22.70 tons. 
Greatest stress in i . .^ {\%w •\' ^W) sec a 



it a (( 



a ii a 



<< « a 



tt u li 



II a li 



tt tt tt 



ti tt tt 



tt tt tt 



tt 



It 



it tt tt 



€i ti tt 



- 33-82 



tt 



2..= {iiw-\- iJV'-h ilVi)seca 

= + 34.53 " 

3..=(i|z£/+ ilV)sec a 

= + 28.16 " 

4. . = (Jl^t/ + ilV-\- J JVi) sec a 

= - 4M7 " 

5..= (li'^ + i(fF'+ fFi) + W)seca 

= — 59.64 tons. 

8.. = Q|z£/+ i{lV'+2lVi) + IV) sec a 

= — 68.72 tons. 

6..= (Jfic/+ iJF+ VV-\-ilV,)sec a 

= + 49.87 tons. 

7..= (J8 2£/ + jrF+ fF'+ lVi)seca 

= + 58.93 tons. 

= - 86.88 tons. 

" " I2..= (j}ic/+ ilV+ IV -h iJVi) sec a 

= — 97.38 tons. 

" " ll..= (J|z£;+ |fF'+ ff^i + IV) sec a 

= + 77-^3 tons. 



io..= (J|7t/+ ffF'+ }M^i + WO-f^^« 

= + 87.59 tons. 

13..= (ig»jtzf;-f. jfF'-i- |f'Fi + 2J^jr^a 

= —118.37 tons. 
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Greatest stress in i6. .= {^^ w + \W' ■\' 2Wx +alV)seca 

= — 130.30 tons. 



« « « 



« « <( 



u 



i5..= (|Jzt; + {PF+2 fr'+ I PFi) J^^r « 

= + 105.79 tons. 

H . . = ( W w + \W + 2W' -^ 2W;) sec a 

= + 117.66 tons. 

" " I7..= -V/X£/4- 2fr+2l'F'+2fFi 

= — 100.00 " 
" " " iS..= W+w =- 25.00 " 

The stress in 17 added to the vertical component of the 
stress in 16 is equal to {Sw + 4IV + 4IV1 + siW) the weight 
of the truss and its load, as it should. This constitutes a 
check in the work if, as was done, each web stress is found 
by adding a proper increment to a preceding one. 

For the greatest chord stresses the load will cover the whole 

bridge. 

• 

Stress inaord.. = {zi^-\-i W-\- 2 W + 2 n\) tan a 

= — 78.75 tons. 

" r or rf. . = (6 zc; + 3 W + 3 ^^i + 3 W) tan a + 

78.75 = -213.75 " 

*' " ^ or /. . = 2 (2 7£/ + JV-^-Wi-h W) tan a + 

213.75 = -303.75 " 

" " g or h. . = {2w -{- W -\- Wi-\- W) tan a + 

30375 =- 348.75 " 



i( a 



n . . = (4xt; + 2 fF+ 2 I^Fi + I W) tan a 

= + 87.19 " 

m . . =3 {2w + IV + PFi + W) tan a + 

87.19= + 222.19 " 



a 



" / . . =2 (2w + ff^ + fTi + W) tan a + 

222.19= + 312.19 " 
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Stress in k.,=^ {2w + lV-\- W^ + W) tan a + 

312.19 = 4- 357.19 tons. 

In determining these values, it is to be remembered that 
the increment of chord stress at any panel point is equal to 
the sum of the horizontal components of the stresses in the 
web members intersecting at that point. 

The results for g or h or k may be easily verified by the 
method of moments. Let / be the span in feet, and d the 
depth of a flanged beam, in feet also ; then if w is the load 
per foot, the flange stress at the centre, as is well known, will 

be -^-7-. To apply this to the present case, {w + W-\- Wi + W) 

oCl 

must be written for w, and / and d have the values respect- 

ively of 200.00 and 27.75. Hence -^-j- = 360.4 tons. 

oa 

Now since the resultant stress at either of the centre joints 
is horizontal in direction for a uniform load from end to end 
of the truss, the value corresponding to the above will be 
found by adding to the stress in // the horizontal component 
of the stress in brace i, for the supposed uniform load ; or by 
adding to that in panel k the horizontal component of that in 
brace 3. 

Horizontal component in i = ( ) tan a= 1 1.25 tons, 

and 348.75 + 11.25 = 360.00 tons. 

JV 
Horizontal component in 3 = tan a = 2.8125 tons, 

and 357-19 + 2.81 = 360.00 tons. 

Both of the above results are remarkably satisfactory verifi- 
cations ; they would have agreed exactly, but 0.9 is not the 
exact value of tan or. 

If the bridge were a through one, the general method of 
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calculation would be exactly the same ; the slight changes in 
the details of the operations are sufficiently obvious after 
what has been said before. 

As a through truss there would be some saving of material, 
for the secondary verticals i8 would be in tension. 

A much greater saving might be effected by using inclined 
end posts, in which case a short beam or girder would take 
the place of the end panels LC. and braces 15 would be verti- 
cal and run up to Z, while braces 18, 14, and 17 would be 
omitted altogether. 

Art. 16.— Method! of Obtaining Streuei — Stresa SbeeU. 

In the preceding cases the analytical expressions for the! 
stresses have been written in such a manner as would sea 
best to show in detail the principles by which they : 
traced. 

In practice every engineer has a method best fitted fa 
himself by either habit or taste. 

The " strain sheet," or properly " stress sheet," is almost ii 
variably made as shown in the plates. A skeleton of thdl 
truss is drawn, and along each member is written the great* j 
est stress belonging to it. 



Art- 16.~Ambif[iiity cauBed by CounterbraceB. 

It is important to notice, from what has preceded, that ^| 
little ambiguity always exists, both in web and chord st 
near the middle of the truss, when counterbraces are used ia-| 
.stead of caunterbracing. This arises from the fact that eveiltl 
with a single system of triangulation it is impossible to divide]" 
the truss by cutting less than four members, which is equiva*9 
lent, as a question of equilibrium, to having four unknowflj 
quantities and only three equations by which they are 
determined. 

This ambiguity, however, has been shown to be not of a 
dangerous character. 



CHAPTER III. 



NON-CONTINUOUS TRUSSES WITH CHORDS NOT PARALLEL, 



Art. 17< — Qeneral Methods. 

The determination of stresses in trusses with chords that 
are not parallel can usually be accomplished more con- 
veniently by either a combination of the method of moments 
with the graphical method, or the graphical method alone, 
than in any other manner. 

So long as three members, at most, are cut by any surface 
whatever, dividing a truss into two parts, the problem of the 
determination of the stresses in these members is determin- 
ate ; for in such a case the problem is really one of the equi- 
librium of any system of three forces parallel to a given 
plane, for the solution of which, as is well known, there are 
three equations of condition. 

The matter, however, requires a little attention here, in 
order that the particular kind of stress (tension or com- 
pression) developed in 

any bar may be known r^ 

from the stress dia- / 

gram. ^ '- 

Let Fig. I represent 
a portion of any truss 
divided into two parts 
by the plane (it might 
be any other surface) 
AB\ let /% G^, and H 
be the points of inter, 
section of this plane 
and the three mem- 
bers CAT, CDy and ED\ and let 2Phe the resultant of all the 
external forces acting on that portion of the truss lying on 
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Fig. I. 
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xternal forces are known, and the stresses 
f, /'. and /, in CK, CD, and ED respectively, are required. 
Now, any one of tliose stresses may be determined by the 
iioments, if the origin of moments be properly 
located. If the origin be taken at the 
point of intersection of the lines ofa 
tion of 'any two of the stresses, 
moments of those stresses will be zero^ 

Hence, as a general principle, 
order to determine any one of thi 
unknotvn stresses by the method of n 
mints, the origin of moments is to I 
taken at the intersection of tlu lints ij 
action of the other tzvo ; the moment of the third unknowi 
stress can then be placed equal to the resultant moment \ 
the external forces, giving one equation with one unknoi^ 
quantity. 

Suppose in Fig. i that the stress in CK is to be found I 
moments. D is tlie point of intersection of CD and ED, a 
consequently is the origin of moments. The lever arm ( 
that stress is of course the normal distance from D to CR 
The kind of stress in CK can always be determined by thj 
known direction of the resultant external moment. If t 
effect of the moment is to shorten the piece in question, 1 
resulting stress will be compression, while tension will exist! 
the effect is to lengthen the piece. 

If any one of the three stresses is known, either of tli^ 
otherih may be found by moments, by taking the origin i 
moments anyivhere on the line of action of the third fore 
This method is illustrated on page 255. 

In Fig. r it will be assumed that the effect of the momeflj 
of the external forces on the left of AB is a tendency to tuH 
that portion of the truss in the direction of the curved arroii{ 
and consequently to shorten CA', thus producing comprcssioi 
in that member. Let c represent that compression, then, i 
far as the portion of the truss on the left of AB is con 
it is equivalent to an external force acting from F toward ( 
as shown in the figure by the arrow c. 
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Now, it IS known from rational mechanics that if the sides 
of a closed polygon represent a system of forces in equilib- 
rium, the lines representing the forces must be laid off in the 
same direction around the polygon, in order that the true 
direction of those forces may be represented. If, for instance, 
the lines of the polygon in Fig. 2 represent a system of forces 
in equilibrium, the forces must act in the direction shown 
by the arrow-heads : all in the same direction around the 
polygon. 

The portion of the truss on the left of AB^ Fig. i, is held 
in equihbrium by the external forces acting upon it, and the 
three stresses acting at 7% G, and H, The amount and direc- 
tion of the stress acting at F have already been found ; they 
are represented by c. 

In Fig. 2 let '2.P represent the resultant external force act- 
ing on the left of AB^ both in amount and direction, as shown 
by the arrow-head ; then draw c parallel to CK^ representing 
in amount and direction of arrow-head the compression in 
CK\ finally, complete the quadrilateral by drawing / and /' 
parallel to ED and CD respectively. The directions of c and 
JS"/* are fixed already, hence / and /' must have the directions 
indicated by the arrow-heads in those lines. The directions 
and magnitudes of the forces / and /' are thus known, and H 
and G are their points of application. Finally, consider t and 
/' attached to their points of application, as indicated in Fig. 
I ; their tendencies will be to lengthen EH and CG respect- 
ively, hence ED and CD will both be in tension. 

The general method, then, of determining the kind of stress 
existing in any member, is to apply to the point of division of 
that member the force represented in magnitude and direction by 
t lie proper side of the equilibrium polygon y and obsenr whether 
the effect is to shorten or lengthen the member in question : in 
the first case, the stress will be compression ; in the second, ten- 
sion. 

This method is perfectly general, and may always be used. 

The origin of moments for the stress in CD would be the 
intersection of CK and ED produced, and C would be the 
origin for the stress in ED. 
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So far as the method is concerned, it is a matter of indif- 
ference which one of the three stresses is first found by mo- 
ments; it is simply advisable to take that one which can be 
found most conveniently. 

In all trusses with vertical loading, 2/* is the algebraic sum 
of the external forces acting on the portion of the truss in 
question, or the " shearing stress'' J^k 



Art. IB — Curved Upper Chord— Two SystemB of Vertical ud DUgonal 
Bracing. 

The preceding principles will be first applied to the truss 
shown in Fig. 2, PI. III. That truss is taken first, rather than 
a simpler one, because the application of the method is there 
perfectly general, including all cases possible. 

The truss taken is composed of two systems of triangulation, 
and it is of the greatest importance to notice that the systems 
cannot be treated separately, since the upper chord is curved, 
and the loads supported by one system induce stresses in the 
other. As an extension of this part of the matter, it is equally 
true that with any number of systems of triangulation, of 
whatever kind, any load on one system will induce stresses in 
all the others. The result of this is, that with a curved chord 
and more than one system of triangulation there is always 
ambiguity in the determination of stresses, because more than 
three members will be severed however ihe truss may be 
divided. Certain assumptions, however, may be made which 
involve no danger, and which give a determinate character to 
the stresses desired. 

The assumption in general terms is this — i. e., that at the 
point for which i'/'is zero the total load is divided, and each 
of its portions travels to the nearest abutment by the most 
direct path. This is a legitimate analysis, so far as simple 
equilibrium is concerned, but it is by no means certain that 
the stresses determined are those which actually exist in the 
truss. 

In Fig. 2 of Pi. III., if a uniform load covers the entire 
truss it will be assumed that the counters iS', l8, 19, 20, and 
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22, and the corresponding ones on the other side of the 
centre, are not needed, and consequently not subjected to 
stress. 

Again, suppose the left half of the truss to be loaded with 
the moving load, in addition to the fixed load over the entire 
bridge, and suppose "^P = o for the panel point at the foot 
of diagonal lo; then it would be assumed that all the verti- 
cals are necessary, but only the diagonals 19, 20, 22, 24, 26, 
28, 30, 32, 34, 36, and 37 in one part of the truss, and 10, 8, 
6, 3, and 2 in the other part. 

These assumptions involve no danger, because the stresses 
deduced by on^ legitimate method of analysis at least are 
provided for. Nevertheless there is some ambiguity, and 
when that exists there cannot be economy of material. 

The greatest stresses to be determined in the case treated 
will be found in accordance with the preceding principles. 

The moving load will consist of a train headed by four 
excesses e, and will be supposed brought on from left to 
right, first touching the truss at K. 

The following are the data : 

Length of span = 200 ft. Height at centre = 35 ft. 

Length of panel = 12.5 " Height at ends = 15 " 

Number of panels = 16 Radius of upper chord = 260 " 

• 

W (upper) = 500 lbs. per foot = 3.125 tons ) 

PF' (lower) =800 " " " = S.cxxD " p • • . ^ ixea loaa. 

w = 13.00 tons. w' = 17.00 tons. 

e = w' — w = 4.00 tons. 

The truss is supposed to be designed for a single-track 
through railroad bridge. 

The stresses due to the fixed and moving loads will be 
found separately, and those due to the fixed load will be found 
first. 

For any given condition of loading, the reactions at the 
two ends R and 72' will be denoted by these letters simply. 

As the notation indicates, a part of the fixed load is assigned 
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to the upper chord, according to the principles already! 

forth. 

For the fixed load only, J? = R' = 60.9375 ^0"s = 7^ 
(IP' + IV). It was shown above that the verticals and main 
diagonals are the only web members which will be assumed 
to be stressed by the fixed load. 

Fig. I, PI. IV,, is the only diagram necessary for the deter- 
mination of all the fixed-load stresses in the truss. 

The truss may be divided through the members A, 16, and 
i without severing more than three members; hence the 
stresses in those three are determinate. 

The stress in /i is the most convenient one to find by the 
method of moments, hence the middle pane! point of the 
lower chord at the intersection of i and 16 will be the origin 
of moments. The lever-arm of the stress in /i is found by 
careful measurements (it might be found by calculation) on a 
large drawing to be 34,95 feet. Taking moments, therefore: 



(7.5{ir-l- lV)x 100- 



7(ir-t- If) X 5o)-^34-95=93-i tons = 
stress in /;. 

Hereafter, for the sake of brevity, the stress in any member 
will be represented according to the notation of Art. 13, 

Now let a dividing plane cut the truss in /i, 16, and i ; that 
portion on the left of it will be held in equilibrium b_y the 
external forces SP=y.s{iV+ 1V)-7(IV+ W) = 4.062$ 
tons and the stresses (//), (16), and {i); their directions being 
determined according to the preceding principles. 

In Fig. I, therefore, of P!. IV,, make LM, acting upward, 
equal to 4,0625 tons, and /t, acting toward J/, equal to 93.1 
tons; then draw ^ and 16 parallel to the members indicated 
by these letters; the directions of action of the stresses are 
indicated by the arrow-heads, being the same around the 
quadrilateral in question. Stresses (16) and {*) are therefore 
tension. 

The actual stresses were determined with a scale of ten 
tons to the inch ; but Fig. 1 of PI. IV. is drawn to a scale of 
twenty tons to the inch. 

The next plane of division cuts^, 16, 15, and k, but (k) and 
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(i6) are known, hence (15) and {k) may be determined. For 
this plane, ^P= 7.5 (»^+ W) - 7 W -6JV=ilV' + llV= 
7.1875 tons. Lay off from L downward a distance (not let- 
tered) equal to 7.1875, and from the lower extremity of 16 
draw ^ parallel to that panel of the upper chord until it inter- 
sects LM in O. As shown, (g) will act toward O, and the 
difference between LO and 7.1875 will be stress (15); it will 
act up, and consequently will represent tension ; its value is 
1.9 tons, gj of course, represents compression. 

The third plane of division cuts ^, 16, 14, and /. 2P = 
i{lV -\- W) = 12.1875 tons. Hence make OK equal to 
12.1875, and draw 14 and / parallel to those members ; their 
directions are indicated by the arrow-heads. 

The completion of the diagram is simply a repetition of 
these operations ; it is only necessary to use care in giving 
the stresses their proper directions. The stresses in the 
verticals will be found in the vertical line A T\ the shearing 
stresses "^P are also laid off on that line, acting upward. 

The following are the results of the complete operation, 
-h denoting tension, and — compression : 



(//) = -93-1 


tons. 


(16) = 4- 2.6 


tons. 


(k) = + 91.5 


<< 


(17) = + i.o 


(( 


kg) = - 93-25 


<( 


(iS)= + 1-9 


(( 


(/) = + 89.2 


n 


(14) = + 4.0 


it 


(/) = - 92.1 


n 


(13)= - 1.5 


it 


(pi) = + 83.7 


it 


(12) = + 8.5 


ti 


{e) - - 90.4 


(< 


(II) = - 1.4 


a 


(«) = + 78.0 


it 


(10) _ 4- 8.6 


n 


(d) - - 85.8 


a 


(9)=- 6.3 


n 


{0) = + 66.0 


a 


(8) = + 16.5 


ti 


(c) = - 80.5 


li 


(7) = - 8.3 


(< 


(/) = + 49-7 


a 


(6) = -f 21.0 


it 


(6) - - 69.6 


it 


(5) = - I3-I 


it 


(g) — + 20.0 


(t 


(4) = — 20.2 


it 


(a) = - 52.7 


it 


(3) - + 34.8 


ti 


(r) =0 




(2) = + 31.8 


tt 



(l) = - 60.9375 - 3.125 = - 64.0625 



tt 



\ 
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If the diagram has been properly constructed, the sum I 
the vertical components of (2), (3), and (i?) will be 7.5 (W^ 
W) = 60.9375 tons. In this case it came 60.25 tons, whlcff 
is sufficiently near to prove the accuracy of the work. Con- 
stant checks may also bo applied in the course of the work, 
for the vertical component of the stress in any diagonal must 
be equal to the algebraic sum of the stress in the vertical 
which meets it at its foot and the weight which hangs from 
the same point. 

With the exception of a few web members near the centre 
of the truss, the greatest web stresses will exist at the head of 
the train when it covers the larger segment of the span, pre- 
cisely as in trusses with parallel chords. A number of the 
web stresses, however, which exist near the head of the train, 
for each of its positions, will be given for the main diagonals, 
since they appear in the stress diagram and may readily be 
scaled from it. 

Bringing the moving load on from R, panel by panel, it is 
found by trial that 18' is the first counter needed, the head of 
the train being at its foot. For this position of the moving 
load R' = 6.375 tons, hence the point for which SP= o is at 
the head of the train. It is then assumed that only the diago- 
nals 6, 3, and 2 on one side, and 18', 18, 19, 20, 32, 24, 26, 28, 
30, 32, 34, 36, and 37 on the other are needed. The truss 
may then be divided by a plane cutting the three members </, 
6, and/ only, and any one of these may be found by the 
method of moments, but it is convenient to take d. The 
lever-arm of d is found to be, by a large scale, 26.7 feet 
Hence, 

(d) = (R' X 162.5) -h 26.7 ^ - 38.8 tons. 

A single four-sided stress polygon then gives : 

(18') — -I- 19.00 tons. 

The head of the train next rests at the foot of 18. 
diagonals on the right of the head of the train which slopl 
similarly to 18, and those on the left of it which slope sin 
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larly to 8, are needed ; the others are not. R = 10.63, hence 
2P^ O at the head of the train. 

Hereafter the lever-arm of any upper chord panel will be 
denoted by /, with the proper subscript. In the present case 
/^ = 29.7 feet ; hence, 

{e) = R' X 150 -^ 29.7 = — 53.7 tons, 
and a single diagram gives 

(18) = + 24.8 tons. 

In order to save constant repetition, it may be stated as a 
general rule that for every position of the train all the verti- 
cal web members are needed, but on/j^ those inclined braces 
which slope upward and away frojn tliai panel poijit for which 
2P= o are cotisidered necessary. 

With the head of the train at the foot of 19, R = 15.68 
tons, If = 32.10 feet ; hence, 

(/) = — 67.2 tons. 
Diagrams give 

(11) = H- 4.0 tons. 

(19) = + 28.8 " 

Only the diagrams for the next three positions of the mov- 
ing load will be given, for they will sufficiently illustrate the 
rest ; they all embody exactly the same operations. 

Figs. 2, 3, and 4, of PI. IV., arc all drawn to the same scale 
of 20 tons to the inch. 

With the head of the train at the foot of 20, R = 21.56 
tons, and ^= 32.10 feet ; hence, 

(/) = {R X 137.5 - w'p) ~ 32.10 = -85.75 tons, 

since 2P=o at the foot of 19, and/ is the panel length. 

Divide the truss through/, 19, and w, then in Fig. 2, PI. 
IV., make 1 — 6 vertical, and / parallel to that panel and 
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equal to 85.75 tons; it acts toward 2 as shown. Make 2 - 
equal to 21.56 — w' = 4.56 tons, and then draw ni and \ 
These latter must act in the direction shown. Now suppi 
g< 19. 13. and m severed. From the upper extremity of \ 
draw ^parallel to that panel (referring to Fig. 2) until it^ 
tersects l — 6 in i ; 1 — 2, acting downward, is the tern 
in 13. 

It should be stated that the shear 2 — 3 = 4.56 tons i 
downward, as shown. 

Next make 1—6= 21.56 tons, acting down, and draM 
and 20, acting in the directions shown ; finally, draw h anc^ 
1 — 4, which acts upward (not indicated), is the compres 
in 15 ; and, in like manner, 4— 5 is the compression in j 
Scaling from the diagram : 



(ii) = + 5.2 tons. 

(13) = + 3-9 " 
(17) =-9.0 " 



(20) = + 16.0 tons. 
(15)= -.0.1 " 
(19)= + 17.6. " 



With the head of the train at the foot of 22, R' - 
tons, and '2P= o at the foot of 20 ; hence (g') is the stress jj 
be found by moments. Ig = 33-75 feet. 



{g)^{R- X 125 -«'»- 33-75- 



(8.3 tons. 



Fig. 4, PI. IV., is the diagram u.sed for this position of the 
load, and is constructed in precisely the same manner as Fig. 
2. 2 — 5 is equal to K —w' ~ \ 1,25 tons, the shear for^, /, 
and 20, and it acts downward, i — 7 is the shearing stress. 
28.25 tons, for h, k, 22, and 20, also acting down, as shown. 
1 — 2 is the stress in 15 ; 2 — 3, that in 13 ; 1—4, that in 17; 
and 4 — 6, that in 23. Below are the numerical values : 

6.0 tons. 



(15) = + 3.8 tons. 


(11) 


(22) = + 16.0 " 


(2,1) 


(20) = + 20.8 " 


(■7) 



Fig. 3 is the diagram for the head of the train at the f 
of 24, and is constructed in precisely the same manner t 
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Figs. I, 2, or 4. R' =. 35.75, and "2? =. o for the foot of 20. 
h — 33-75 ^*^'' Hence, 

{g) = (^' X 125 - 3a/'/) -5- 33.75 = - 1 13.5 tons. 

(15) = + 4.8 tons. (24) = + 25.2 tons. 

(22)= +15.0 " (23) = - 94 

(17) = - 3.2 " (25) = -157 



it 



With the head of the train at the foot of 26, 2P = o for 
the foot of 22, since R' = 35.75 tons. 4 = 34«65 feet. Hence, 

(A) = {R' X 1 12.5 — 3w'/i) -r 34.65 = — 124.7 tons. 

(22) = + 16.1 tons. (26) = + 34.3 tons. 
(17) = + 7.0 " (25) = - 2.5 ** 
(24) = + 12.5 *' (27) = — 28.0 " 

(23) = — 10.2 " 

With the head of the train at the foot of 28, R' = 53.1875 
tons, and 2P = o at the foot of 22. 4 = 34-65 feet. Hence, 

(A) = (R'x 1 12.5 — 6w'/) -7- 34.65 = — 1 36. 1 tons. 

(17) = H- 6.9 tons. (25) = — 1.5 tons. 

(24) = + 12.8 " (28) = + 25.1 
(23) = — i.o " (27) = — 16.0 
(26) =+21.5 " (29) =-15.5 






With the head of the train at the foot of 30, R' = 63.125 
tons, and 2P = o for the foot of 24. 4' = 34-95 feet. 

.-. (A') = (R' X 100 — 6w'p) -^ l^,z^ ^ 144.1 tons. 

(17) = + lo.o tons. (27) = — 9.3 tons. 

(23) = + 4.5 " (30) = + 35.6 " 

(26) = + 15.7 " (|p) = - 10.7 " 

(25)=+ 1.0 " (fi) = -27.5 " 
(28) = + 20.8 " 

With the head of the train at the foot of 32, R' = 73.875 
tons, and 2P = o for the foot of 24. 4' = 34-95 feet, 
5 



66 



NON-CONTINUOUS TRUSSES IN GENERAL. 



:. (^h') = {R' X lOO X low'p) 4- 4' = — 150.6 tons. 



(27) = — 9.9 tons. 

(30) = + 36.0 
(29) = - i.o 



<( 



(< 



(32) = + 24.8 tons. 
(31) = -26.8 

(33) = - 16.7 



<( 



« 



With the head of the train at the foot of 34, R' = 85.4375 
tons, and 2P = o for the foot of 24. 4/ = 34.95 feet. 

.•. (//') = (R' X 100 — I4w'p — wp) -^ 34-95 = — 154-7 tons. 

(17) = + 8.8 tons. . (32) = + 24.6 tons. . 

(25)=+ 8.9 " (31) =-17.4 

(23) = + 5.5 " (34) = + 55.2 

(30) = + 26.5 " (33) = -154 

(29)=- 0.8 " (35) = -46.8 



<( 



« 



« 



« 



With the head of the train at the foot of 36, R' = 97.8125 
tons, and 2P= o for the foot of 24. 4' = 34-95 f^^t. Hence, 

{A') = {R' X 100 — iSw'p — ^wp) -T- 34.95 = — 156.5 tons. 

(32) = + 12.0 tons. 
(31) = -20.3 

(34) = 4- 60.0 
(33)=- 2.8 
(36) = 4- 40.0 

(35) = -50.8 

With the head of the train at the foot of 37, R' = 11 1.00 
tons, and 2P= o for the foot of 24. 4' = 34-95- Hence, 

(A') = (R' X 100 — 22w'p — 6wp) -7- 34.95 = — 156.00 tons. 



(17) 


— 


+ ii.o tons. 


(24) 


= 


— 


2.0 




(23) 


— 


+ 


4-5 




(25) 


= 


+ 


12.0 




(27) 


= 


— 


5.0 




(30) 


■ — 


+ 


29.8 




(29) 


= 


+ 


8.4 





(17) = + 10.9 tons. 


(32) = + 10.5 tons. 


(24) = — 2.2 " 


(31) = - 16.7 « 


(23) = + 44 '' ■ 


(34) = + 54-2 " 


(25) = + 1 1.9 "% 


(36) = + 37.0 « 


(28) = + 1.5 " 


(35) = - 43-5 " 


(27) = - 5-5 " 


(37) = + 78.0 " 


(30) = + 26.0 " 


(38)=-iii.O " 


(29) = + 8.7 " 
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The chord stresses with this loading are : 

{a) = — 87.7 tons. {k) = + 157.6 tons. 

(b') = - 131.2 " (O = + 150.5 " 

(O = - I37-0 " ('«')= + 1497 " 

(rf') = - 153.5 " {^0 = + 132.0 " 



it 
ti 



it 
ti 

a 



(O = - 152.6 " {0') = + 124.5 

(/') = - 158.7 " (/) = + 81.8 

(^') = - 156.6 " (g) = + 50.0 

(A') =- 156.0 " (r) =0 



The same checks apply .as with the fixed load. The great- 
est stresses are found by combining the fixed and moving 
load stresses. The greatest chord stresses are thus found to 
be the following : 

(a') = — 140.4 tons. (r') = o 

(^') = - 200.8 " (g) = + 70.0 tons. 

(c) == -217.5 " (/) = +431.5 

(rf') = - 239.3 " (^0 = + 190.5 

(e) = — 243.0 " (;/') = + 210.0 

(/O = - 250.8 " (;;/') = + 233.4 " 

(^')=- 249.85 " (/') = + 239.7 " 

(//') = - 249.1 " (Jk) = + 249.1 " 

In the case of the web stresses the combination is effected 
by taking the algebraic sum. It will be seen that a number 
of the braces near the centre need counterbracing, /. e,, acting 
consistently with the assumptions that were made. It is 
uncertain to what extent the existence of the counters renders 
this counterbracing unnecessary; their influence is therefore 
neglected. 

It IS to be borne in mind that the greatest result of a given 
sign is to be selected from all the preceding moving-load 
stresses, and added, algebraically, to the stress in the same 
member caused by the fixed load. 
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(18) = 


+ 


19.0 


(,8) = 


+ 


24.8 


('9) = 


+ 


28.8 


(20) = 


+ 


20.8 


(22) = 


+ 


i6.i 


(24) = 


+ 


27.S 


(26) = 


+ 


38-3 


(28) = 


+ 


33.6 


(3°) = 


+ 


44.6 


(32) = 


+ 


41-3 


(34) = 


+ 


81.0 


(36) = 


+ 


74.8 


(37) = 


+ 


109.8 



(■')=i; u. 




<-'H;- ]: 




(^'>=i; S 




(27)= - 29.4 




(^')=ir;: 




(3>)= - 35-8 




(33)= - 29.8 




(35) = - 71-0 




(38)= -1-5.0525 


tons. 



In actual practice it perhaps would hardly be worth while 
to counterbrace the web member 29. 

These results, then, are the greatest values of the stresses 
o which the different members of the truss are subjected, 



Aft. 19.~Oeiieral OoniideratloiM. 

It is clear that In the graphical treatment of such a problem 

, the stress diagrams should be as large as possible. The scale 

used for all the results obtained in Art. 18 was ten tons to 

the inch, and it is not usually best to use more tons to the 

inch than that. 

Another method, but a far more tedious one, of applying 
precisely the same general principles is to determine the 
stresses produced in every member of the truss by each indi- 
vidual panel load, and then combine the results. The steps 
of the different operations in such a case are precisely the 
same as those gone through above. 

Although the truss' taken consists of but two systems of 
triangulation, precisely the same method is applicable to any 
number of any kind of systems, or to the ordinary "bow- 
string" truss of one system. 

In the latter case there is no ambiguity unless counter- 
braces are used. 
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It is to be particularly noticed, also, that the method is per- 
fectly independent of the character of the curve of the upper 
chord ; it may equally well be applied to trusses with both 
chords curved, or to trusses with parallel chords ; in fact, it is 
perfectly general, though usually not desirable. 

Art. 20. — Position of Moving Load for Greatest Stress in any Web 

Member. 

The position of the moving vertical load which will give 
the greatest stress of either kind to any web member in a 
truss of one system of triangulation, having one or both 
chords inclined either uniformly or irregularly, may easily be 
assigned. Let the figure represent any such truss whatever ; 




^ 

Fig. I. 

A and D being the ends of the span, or points of support. 
Let the truss be divided by HK, taken anywhere between 
EB and FCy and let the web member EF be considered. 

Although the figure does not show such a condition, let 
EC and BFhc supposed to intersect between HK and Z>, and 
let that point be taken as the origin of moments for the de- 
termination of the stress in EF, Then suppose any weight 
to rest between //AT and D. The only force then acting on 
that portion of the truss between A and HK will be the cor- 
responding reaction at A. The effect of that reaction is 
equivalent to a right-hand ( /*^) couple, in reference to the 
intersection of EC and BF, and the left-hand couple required 
to balance it must be supplied by the stress in EF\ conse- 
quently that stress must be tension. All loads on the right 
of HKy therefore, produce tension in EF. 

Now, let a load be placed between A and HK, EC and BF 
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intersecting as before. The moment of the reaction at A, in 
reference to tiiat point of intersection, will be greater than 
the moment of the load in reference to the same point, be- 
cause the moments of these two forces about D are equal, 
and the moments in question are those moments diminished 
by the products of the respective forces into the horizontal 
distance from D to the intersection of EC and BF, while, of 
course, the reaction at A is less than the load itself. The re- 
sultant action, therefore, about the origin of moments is still 
equivalent to a right-hand couple, and the stress at £/^wiIl 
still be tension. Under the conditions assumed, then, ever>' 
load on the truss will produce tension in EF. 

The following general principle may now be stated : 

In any panel of a truss, if the intersection of the ehord sec- 
tions is found between vertical lines passing through the points 
of support and above the brace located in that panel, then that 
brace ii-ill be subjected to tension only, and tvill receive its great- 
est stress when the whole truss is loaded ; the point of intersec- 
tion being considered "fl^or'f"the brace when it is above 
that point of EF, or £7^ prolonged, lying in the same vertical 
line with it. 

As a limiting case, if EC and BF intersect in a vertical line 
passing through D, all loads on the left of HK produce no 
stress in EF. 

In the next place, suppose the intersection offCand BF 
to lie between HK and A, and let that point be taken as the 
origin of moments, as before. Precisely the same reasoning 
used above, which it is not necessary to repeat, shows that 
the resultant effect of every load on the truss, in reference to 
the origin of moments, is again equivalent to a right-hand 
couple, which must be balanced by a left-hand one furnislied 
by the stress in EF; consequently that stress must be com- 
pression. 

The following general principle, for this case, may then be 
stated : 

In any panel of a truss, if the intersection of the ehord sections 
is found between vertical lines passing through the points of sup- 
port and below the brace located in that panel, then that brace 
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will be subjected to compression only^ and will receive its greatest 
stress when the wliole truss is loaded ; the point of intersection 
being considered ^^ below*' the brace when it is below that 
point of EF^ or EF prolonged, lying in the same vertical line 
with it. 

If EC and BF intersect in a vertical line through Ay all 
weights between HK and D will produce no stress in EF. 

As a third case, let the intersection of EC and BF be found 
to the right of a vertical line through D. The effect of the 
reaction at A^ due to any load between HK and D, will, as 
before, be equivalent to a right-hand couple about the point 
of intersection, which couple will cause tension in EF. If a 
load, however, be placed between HK and A, the result is 
different, for the moment of the reaction is then less than the 
moment of the weight about the point of intersection, since 
their moments are equal about D. The resultant action of 
all loads between HK and A is, then, equivalent to a left- 
hand couple, causing compression in EF, 

The following general principle applies to this case : 

In any panel of a truss y if the intersection of the chord sections 
is found witlwut the vertical lines passing through the points of 
support and above the brace located in the panels then that brace 
will receive its greatest tension ivhen the load extends from its 
lower extremity to that point of support nearest to the point of 
intersection^ and its greatest compression when the load extends 
from its upper extremity to that end of the truss most remote 
from the point of intersection. 

Precisely the same reasoning enables the following general 
principle, for the remaining case, to be stated : 

In any panel of a truss, if the intersection of the chord sections 
is found witlwut the vertical lines passing through the points of 
support and below the brace located in the panel , then that brace 
will receive its greatest compression when the load extends from 
its upper extremity to that point of support adjacent to the point 
of intersection, and its greatest tension when the load extends 
from its lower extremity to that end of the truss most remote 
from the point of intersection. 

These four cases cover all that exist, and the last two cases 
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include all the trusses which are ordinarily found in the prac- 
tice of the engineer. 

The conditions of loading in the last two cases are exactly 
the same as those which hold with parallel chords. 

If a web member is vertical, the position " above" or " below" 
of the point of intersection becomes indeterminate, which 
shows that the same loading may cause tension or com- 
pression, according as the adjacent web member cuts its one 
extremity or the other. 

There is no indetermination in regard to the stresses, how- 
ever, in any given truss; the conditions are simply limiting 
ones of those already given. Following the order taken 
above : 

If the adjacent brace cutting the upper extremity of the 
vertical and the point of intersection of the chord sections are 
on opposite sides of that vertical brace, all toads on the truss 
subject it [the vertical brace) to tension ; if they are on the 
same side, all loads subject it {the vertical brace) to compression. 

For the two cases in which the point of intersection of the 
chord sections lies without the verticals passing through the 
points of support : 

If the brace cutting tite upper extremity of the vertical and 
the point of intersection are on opposite sides of the vertical 
brace, all loads on the segment of the truss adjacent to the 
point of intersection subject it {the vertical brace) to tension, 
while all loads on the other segment subject it to compression. 

If the brace cutting the upper extremity of the vertical and 
the point of intersection are on the same side of the vertical 
brace, all loads on the segment of the truss adjacent to the point 
of intersection subject it {the vertical brace) to compressum, 
while all loads an the other segment subject it to tension. 



Art. 21. — FoBltion of Moving^Xioad for Oreatest StreMe* in Chords. 
Since every load tends to produce the same kind of stress 
in any given panel, it is clear that for the greatest stress in 
that panel the load must cover the whole truss, as in the 
case of parallel chords. 
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AiL 2X — Horizontal Component of Greatest Streu in any Web Member 
— Constant Value of the Same for Vertical and Diagonal Bracing 
with Parabolic Chord. 

Of more interest, perhaps, than real value to the engineer, 
is the expression for the horizontal component of the greatest 
stress in any web member, though it may very easily be 
written. It may be useful at times as a numerical check. 




Fig. — -. 

Let the figure represent a truss of one system of triangula- 
tion, subjected to the action of vertical loads passing along 
the lower chord AB, It is desired to find the horizontal 
component of the greatest tensile stress in GH» Let Hh and 
Gg be verticals passing through H and G. 

The following notation will be used : 



p 


= panel length (uniform) in 


AB. 






n 


— number of any panel from B ; 


for PQ, n has the value 




2, and 4 for OH. 








rp 


= Mg. 








d 


Gg 








d' 


- Hh. 






- 


N 


— number of panels in AB. 








I 


- AB-Np. 








w 


= moving panel load. 








R 


= reaction at B. 








«i/ 


= BM. 









For the greatest tension in GH the moving load must 
extend from B to H, 
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The distance of the centre of such a load from B is — ^. 

2 

Hence, 

^=('-^)7<».-0» = »{(«.-0-^i^>fl 

Now let moments be taken about G. 
Hence, 

{MH)^{R{n,-r)p-{n,-x)w\{n,-r)p-^\)-rd 

Or, (if//^) = ^ I^^li^LZirM „. („. - I) . (I). 

In order to obtain the horizontal component of the stress 
in GFj due to the assumed load, it is only necessary to take 
moments about H in precisely the same manner. The ex- 
pression, however, can be derived immediately from Eq (i) 
by putting r = i, and writing d' for d. 

.-. Hon Com. {GF) ^ ^ C^- («i - O/l „^ (;^ _,) . (2). 

The horizontal component of the greatest tensile stress in 
GH is the difference between the second members of Eqs. (i) 
and (2) ; let it be called H^, 

... H,= 'J^^ { ^-(y '^^ - ^- V^^ l "'(«»-») •(3)- 

If a is the angle of inclination of GH to a horizontal line, 
then: 

(GH) = H^sec a (4). 

Eqs. (3) and (4) apply to all tensile web stresses. For com- 
pressive web stresses as typified by (GM) there would be 
found the Hon Comp. (GK)y instead of Hon Comp. {GF), 
by taking moments about M\ d' would then represent Mm. 
By making r = o in Eq. i : 
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Hot. Comp. (GK) = ^yl:^p^ n, i„, - I) . (5). 

Hence, for the horizontal component of the greatest com- 
pressive stress in GM: 

rr,_ u'/> U^n,p /- (« i -r) / ) 
' ^'2r\~~d' ~d f«i(^^-0 . (6). 

hvid., (GM) ^ H; sec a' .... (7). 

By means of the Eqs. (3), (4), (6), and (7), every web stress 
in the truss may be determined by formula. 

If GM is vertical, r = O and d = d' in Eq. (6), and Hi = o, 
as it should. 

If GH is vertical, Eq. (3) shows //i to be zero in the 
same manner. 

It is to be borne in mind, in the application of these formu- 
lae, that n is counted along the loaded segment ; also that 
d\ for tension, is taken at the head of the train, and one 
panel in front of it for compression. 

If the moving load passes along the upper chord, exactly 
the same formulae hold true, but d' taken at the head of the 
train will give compression, and tension when taken a panel 
length in front. 

If the curve KFC is a parabola, with vertex at the centre 
of the span, if K and C coincide with A and i?, respectively, 
and if GM and all corresponding web members are vertical, 
Eq. (3) becomes: 

H. = :-p. I ^^rAP. _ i.-^^p I „. (,, - 1) . (8). 

From the ordinary equation to the parabola : 

^'2 = ax 

and - = adi] 

4 
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in which ^ is the depth of the truss at the midle of the span. 
Hence, 

■^ = ^- 

In this equation put y -= n^p and x^ dx^- d^ then^ = 

(^1 — i)/ a^d ;r = </i — d\ successively. There will re- 

suit: 

^1 - {», -!)// + («j - l)»/ = ;^ W - ^'). 
Remembering that / = Np : 

« — «i 2v^2 » 

a —ai -^ 

Putting these values in Eq. (8), also Np = /, there will re^ 
suit: 

.-. /fi = ^^ = "1^ = constant . . . (9). 

As this IS the horizontal component of the greatest tension 

in any diagonal web member and constant, fAat greatest stress 

itself is tlie hypothenuse^ parallel to the brace in question^ of a 

*wl 
right-angled triangle of which the base is H^^ ^-j-. 



^ 
\ 
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This furnishes a very short method of finding the stress in 
any inclined web member. 

The similarity between H^ and the total stress in the hori- 
zontal chord, with the truss wholly loaded, is interesting. 

If the trussing is so designed that the diagonal or inclined 
braces sustain compression, Eq. (6) gives precisely the same 
general result, but with the sigjn changed. 

In such a case there would be substituted in the parabolic 

and x^ di^ d\ d and d' having changed places. 

If no web members are vertical, y will have for one value 

/ 
in the equation to the parabola, (^i — ^)/ instead of 

»i/, the other values to be substituted remaining the 

same. This new value gives, 



a -ax ^2 • 



Now making the substitutions in Eq. (3) instead of Eq. (8) : 



„ wl f \ — r\ 



Art. 23«— Bowitring TrutB— Diagonal Bracing— Szample. 

The first form of bowstring truss to be treated is that shown 
in Fig. I. All braces are inclined, and each apex in the upper 
chord is vertically over the centre of the panel below. 

The truss is supposed to be designed for a highway bridge. 
There is a sidewalk on either side. 
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The greatest moving load will be assumed to be that of an 
advancing crowd of people, from the left end of the span, 
weighing eighty-five pounds per square foot. 

As the span is a short one, and the roadway heavy, the 
whole of the fixed load will be put upon the lower chord. 

The following are the data required : 

Span — 72 feet. Depth of truss at centre = 11.7 feet, 
Radius of circumference of circle passing through apices in 1 
upper chord = 60 feet. 

Number of panels = 6. Panel length = 12 feet. 

Width of roadway, from centre to centre of trusses = 20 feet, \ 

"Width of each sidewalk = 6 feet. 

W= 900 pounds per foot = 5.4 tons per panel. 

vj = 32 X 85 X 12 = 16.32 tons per panel. 

As usual, IF and w refer to fixed and moving loads respect- ,! 
ively. 




Fia I. 



In all the diagrams that follow, the lines indicated by any J 
two letters are parallel to the members of the truss at theJ 
extremities of which the same letters arc found. 

In this truss and in the two which follow, the upper and 
lower chord sections found in any panel intersect outside ofl 
the span RR , hence the positions of the moving load, for theJ 
greatest web stresses, are precisely the same as those which ] 
would be taken for a truss with parallel chords. 

With the head of the moving load at M, the truss is firs 
to be considered as divided through the members v4£, £^J 
and ML ; then through BC, BL, and ML. 
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Fig. 2 is the complete diagram for this position, 



R (reaction) = 27.1 tons. 

(ML) —{Rx 18 — 21.72 X 6) ~ 9.3 = 38.4 tons. 9.3 feet is 
the depth of truss through B. 



€t on;; 




Fig. 2. 



The shear is, 



5 = 27.1 — 21.72 = 5.38 tons. 

The diagram needs no explanation. It gives : 

{BM) = + 18.5 tons. i^BL) = - 2.1 tons. 

With the head of the moving load at Z : i? = 37.98 tons. 
Fig. 3 is the complete diagram. 



{CD) 




€lI*S 



Fig. 3. 



The truss is first supposed to be divided through BC, CL^ 
and LK\ then, through CD, CKj and LK. 

{LK) = {R X 30 — 2 X 21.72 X 12) -7- 1 1.7 = 52.8 tons. 



The shear is, 



•5= 37-98 - 4344 = - 546 tons. 
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The diagram gives : 

{LC) = -h 20.0 tons. 



(CK) = — 60 tons. 



With the head of the moving load at AT: R = 46.14 tons. 
Hence, 

{KH) = (i? X 42 — 3 X 21.72 X 18) -7- 1 1.7 = 65.4 tons. 
Fig. 4 is the complete diagram. 



^^ 


(CD) 




d 


^ (KM) 





Fig. 4. 

The shear is, 

5 = 46.14 — 65.16 = — 19.02 tons. 



The diagp'am gives : 

{KD) = +21.7 tons. 



{DH) = — 74 tons. 



With the head of the moving load at //' : ^' = 40.7 tons ; 
and 5 = — (40.7 — 5.4) = — 35.3 tons. 

{HG) = [R X 18 - 5.4 X 6) H- 9.3 = 75.3 tons. 




aa?i 



Fig. 5. 
Fig. 5 is the diagram, and it gives : 



{HE) = + 20.9 tons. 



{EG) = - 4.0 tons. 
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With the head of the moving load at G^ or with the moviftg 
load over the whole bridge : -^ = 2.5 y. (\V -\- w) — 54.3 tons. 
In this case no chord stress is found by moments, but the 
diagram, Fig. 6, is worked up from the end of the truss. 



(JChC) 




Fig. 6. . 



It gives: 

{AB) = 
(BC) = 
(CD) = 



— loo.i tons. 

— 109.1 " 

— 103.0 " 

— 102.0 



u 



{RM) 
{ML) 
(LK) 
(AM) 



+ 84.6 tons. 

■^93-6 
+ 97.0 

+ 19-5 



i< 



t( 



<l 



The results of these diagrams are collected and written in 
Fig. I. 

Both web and chord stresses may be checked by moments 
as follows. 

Moments about K give : 

{CZ)) = — (54.3 X 36 — 2 X 21.72 X 18; -^ 11.7= — 100.2 tons. 

The diagram gave 102.0 tons. The agreement is close 
enough for the purpose, but in an actual truss the difference 
ought not to be greater than one per cent, of the smallest 
result. 

Again, BC and L/C intersect in a point about 30.8 feet to 
the left of Rt and the normal distance from that point to CL 
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produced is about 48,5 feet. Hence, with the head of the 
moving load at L, and, by taking moments about the point of 
intersection : 



{CL) = (2 X 21.72 X ^ 



R X 30.SI -^ 48.5 1= + 19.6 tons. 
suf- 



The diagram gave + 20.0 tons. The agreement 
ficicntly close. 

Numbers of checks like the two above should be applied. 

The Fig. i shows that the web members MB, BL, CL, CK, 
DK, DH, HE, and EG must be counterbraced. 



icing with H 

The case next to be taken is that of an ordinary "bow- 
string" truss with vertical and diagonal bracing, and is rep- 
resented in Fig. 1. The inclined braces are not supposed 
capable of resistance to a compressive stress. Inasmuch as 
counters are almost invariably introduced in such a truss in 
ordinary engineering practice, they will be supposed to exist 
in this case. 




The truss is supposed to be designed for a highway bridge, 
furnished with sidewalk on each side. 

The greatest moving load will be taken as a crowd of peo- 
ple weighing eighty-five pounds per square foot, covering 
roadway and sidewalks, advancing panel by panel from R 
until the truss is entirely covered. 

Since the span is a short one, and the roadway very heavy, 
the whole of the fixed load wilt be taken as applied to the 
lower chord. 
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The following are the data required ; they are taken from 
the preceding Article : 

Span = 72 feet. Depth of truss, 12 feet. 

Radius of circumference of circle passing through upper ex- 
tremities of verticals = 60 feet. 
Number of panels = 6. Panel length = 12 feet. 

Width of roadway, from centre to centre of trusses = 20 feet. 

Width of each sidewalk = 6 feet. 
^{^=900 pounds per foot = 5.4 tons per panel. 

«; = 32 X 8§ X 12 = 32,640 pounds = 16.32 tons per panel. 

As in Art. 18, if the plane dividing the truss cut more than 
three members, some one of these members must be neg- 
lected or assumed not to exist. 

For the sake of brevity, two letters inclosed by a paren- 
thesis will denote the stress in the men^bcr indicated by these 
letters. 

The placing the load for the greatest web stresses, is done 
in accordance with the general principles established in Art. 
20. 

When the head of the moving load is at Z, the existence 
of AK must be ig- 
nored ; for if BL be 
then omitted, ylATwill 

suffer compression. j^S^/^ ^^-^^^"^"^ -Rjn 

With the head of ^^ ^^^^ Oc^ibk) 

the train at Z, -^=27.1 
tons; hence 




Fig. 2. 



(ZAT) = (^ X 24 — 21.72 X 12) -T- {BK— 10.8) = 36.1 tons. 

Fig. 2 is the complete diagram for this case, and explains 
itself. €u: is the shear 2P = 27.1 — 21.72 = 5.38 tons. Scaling 
from Fig. 2 : 

(BL)^ 4- 19.2 tons. (BK) = -f 2.0 tons. 

Bff is also omitted for this loading. 



V 
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With the head of the moving load at Ky R= 37.98 tons, 
and CG and BH are omitted. {KH) = (^ x 36 — 2 x 21.72 x 




ac- (CM) 
Fig. 3. 

18) -T- {CH= 12) = 48.78 tons. Fig. 3 is the diagram for this 
case, ce is the shear, acting downwards, 2/*= 37.98 — 2 x 
21.72 = — 5.46 ton. 
This diagram gives the results : 

{CH) = — i.o ton. {KC) = + 16.0 tons. 

With the head of the moving load at //", ^ = 46.14 tons. 
DF and CG will be omitted. 

It is unnecessary to give the diagram for this case. It is 
drawn precisely as the two preceding ones have been. 

The diagram gives : 

{DG) = — 1.0 ton. {f^D) =+17.1 tons. 

Neither will the diagram for the head of the load at G be 
given, as it is constructed exactly like the others. It gives, 
omitting GC and DF: 

{GE)= + 15.00 tons. 

For the greatest chord stresses the moving load covers the 
entire truss, and Fig. 4 of the next Article is the complete 
diagram for the case. All the explanation which the diagram 
needs is there given. BLy KC, GC and FD are supposed to 
be omitted. 

Taking moments about By with uniform load {w -f TV) : 

{KH) = (54.3 X 24 — 21.72 X 12) -7- 10.8 = 96.5 tons. 

Others may be checked in the same way. 
The most rational circumstances under which the greatest 
tensile stresses can be supposed to occur in the verticals, are 
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those under which they are found in the next Article ; and 
the results there obtained are used in this case. They are 
introduced, without more explanation, in Fig. i. Their dia- 
grams will be found in the next Article. 

These results are by no means satisfactory, but nothing 
better can be done with such a form of truss. 

Some of the web stresses should be checked by moments, 
by the general method. 

Fig. I shows the greatest web stresses selected from all the 
preceding results. 

It is far more convenient to treat the fixed and moving 
loads together, as has been done in this case, than to treat 
them separately, as, of course, may be done. 

Again, the stresses caused by each panel load on all the 
member^ of the truss may be found, and their effects com- 
bined, but this also requires far more labor than the method 
followed. 

The stress diagram for each position of the moving load 
might have been worked up from the end of the truss, as was 
that for the chord stresses, but it saves considerable labor to 
find one chord stress by moments, and begin the diagram 
with that. 



Art. 25. — BowBtring TnuB — Vertical and Diagonal Bracing without 

Counten. 

It is evident, from what has preceded, that the existence of 
the counters causes considerable ambiguity in the web stresses, 



B -P«il— £ 




Fig. I. 



and it IS much more satisfactory from a strictly technical 
point of view to leave them out, as shown in Fig. i. 



r- L" I 



.H 
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Fig. I IS exactly the same as Fig. i of the preceding Arti- 
cle, with the counters omitted, and in this Article will be 
found the stresses existing in it with precisely the same data 
as were used above. 

The moving load is brought on panel by panel from i?, ac- 
cording to the general principles established in a preceding 
Article. 

With the head of the moving load at Z, i? = 27.1 tons. As 
before, {LK) =46.9 tons. 



(JRZ) 




Fig. 2. 

Fig. 2 is the complete diagram for this loading. {RL) = 
(LK) = 46.9 tons, and ad = 27.1— 21.72 = 5.38 tons. 

Hence, {^^) = ii-9 tons. 

With the head of the moving load at A!', -^ = 37.98 tons. 
(KH) = (R X 24 — 12 X 21.72) -T- 10.8 = 60.27 tons. 

Fig. 3 is the diagram for this loading, and it explains itself. 
Hence, 

(BK) = + 24.9 tons. {BH)= — 15.8 tons. 




Fig. 3. 

It is unnecessary to show the diagrams for the two cases of 
the head of the moving load at H and G. They give respect- 
ively : 
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[DH) = + 17.1 tons, (Z?6^)= — I. o ton, and ((7£) = + 15.0 tons. 

Fig. 4 IS the diagram for the moving load over the whole 
bridge, bd is the reaction /i = R' z= 54.30 tons ; dc = 21.72 
tons ; andyj^ is equal to i (21.72) tons. 

The greatest chord stresses, taken from Fig. 4, are written 
in Fig. I. 

The greatest web stresses are selected from . all the preced- 
ing results, and also written in Fig. i. 

The stress (BC) may easily be checked by moments, as 
follows, by taking the origin at //. The normal distance of 
H from (BC) is 11. 9 feet. Hence, 

{BC) = {25 (zt^-f W^)x 36-3x12 (^£/+M^)| -7-11.9=98.56 tons. 

Other and similar checks should also be applied. 

It is seen in Fig. i that the diagonals need countcrbracing, 
but there is no ambiguity, and the superiority of the design 
over that in the preceding Article is evident. 




2 /-A . CETCJ = ♦!»# £tfw; 



Fig. 4. 



It is to be carefully borne in mind that the dia^^ramn rnuit 
always be drawn as large and as accurately an possible. 'I hov* 
of the present Article were constructed to a scale of ten ittu% 
to the inch. The figures do not show the scale. 
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Art. 26. — Deck TnuH with Curved Lower Chord, Concave Downward 
— Example. 

The truss shown in Fig. i is, in some respects, a peculiar 
one. It has one prominent characteristic which distinguishes 
it from the bowstring trusses which have been treated in the 
three preceding articles, in that the chord sections (upper and 
lower) in any panel, excepting those two at the centre, inter- 
sect ill the upper chord within the limits of the span. All 
the web stresses, except those in /J.Vand DM, will have their 
greatest values when the moving load covers the whole truss, 
as was shown in Art. 20. NM is horizontal, consequently the 




intersections of NM with CD and DE are found at an infinltj 
distance from the truss, but ON and CD intersect between i 
and F (near the latter point) : all other intersections are fouj 
between A and G. 

The positions of moving load for the greatest stresses 1 
DN and DM are the same, therefore, as for a truss with 
parallel chords. 

Observations relating to the positions of the points of inter- 
section of the chord sections in the 6gure apply to a truss for 
which the following are the data: 

Radius of circumference of circle passing through the apices 
of the lower chord = 60 feet. 

Vertical distance of centre of circle below Z? = 66 feet. 
Depth of truss through D = 6.3 feet. 
Span = AG = 72 feet. 
AR = GR = 18 " 



DECK TRUSS, 

Uniform upper chord panel length =12 feet. 
NM = 12 feet. 

OP = LK = 11.7 " 

Uniform panel fixed load = 5.4 tons = W. 

moving load = 16.32 " = w. 
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Fig. 2. 



The loading is the same as that used in the preceding bow- 
string trusses. 

Let the angle which Dy or Z> J/ makes with a vertical line 
be denoted by a. Then, 

fan a = 0.952 ; sec a = 1.38. 

For greatest tensile stress in DN. 
With the moving load extending from A to C\ 

Reaction R = 37.98 tons. 
The shear 5 = 2 x 21.72 — 37.98 = 5.46 tons. 
Hence, iP^) = S sec a = +7-53 tons. 

For greatest compressive stress in DyT. 
With the moving load extending from A to D\ 

Reaction R = 46.14 tons. 

The shear S = 46.14 — 3 / 21,72 — — Uj.r)2 tons. 
Hence, {^-^^) = S sec a = — 26.25 tons. 



ti-' * • . • 
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_ For the other web stresses the moving load must cover the 
whole truss, and Fig. 2 is the complete diagram for that con- 
dition of loading. With the data given below the figure, no 
explanation is needed. The results of the diagram will be 
found in Fig, i, together with those determined above by the 
trigonometrical method. 

One advantage inherent in this form of truss, as in all in 
which the chord intersections are found within the limits of 
the span, is the little counterbracing required. 

In the truss taken, the two web members /JiV and DMnre •, 
all that require such treatment. Indeed, with a suiificiently ■ 
small radius of lower chord and centre depth, together with r 
an odd number of upper chord panels, a truss may readily be 
designed which will require no counterbracing at all, A dis- J 
advantage, however, is the small depth at centre, just where J 
a great one is needed, with the resulting heavy chord stresses. I 

As the Fig, i shows, no stress exists in PR or A'^'; never- * 
theless those members would ordinarily be inserted for the | 
purpose of stiffening the whole structure. 

The truss may be supported -directly, as at G, or there may J 
be an end post, as AH. 

The greatest stress in AR, will be the reaction R added to 
5(if + W). Hence, 

{AR) = — (54.3 + 10.86) = — 65.16 tons. 

As checks, moments about D give: 

(NM) = (54.3 X 36-3 X 2!. 72 X IS) -H 6.3- + 186.0 tons. 

The normal distance from C to OJ^ is 7.5 feet (nearly). 
Hence, by moments about C: 

(ON) = {54.3 X 24 — 21,72 X 12) -^ 7.5 = + 139.0 tons. 

OP, prolonged, cuts the upper chord at a point about three 
feet from D toward £, and the normal distance from that 
point of intersection to OB, prolonged, is about 23.5 feet. 
Hence, 

(OB) = (54,3 X 39 - 21.72 X 27) -^ 23.S = + 65,1 tons. 
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The agreement of the last result with that obtained by 
diagram is very close, but the other results, by the two 
methods, show a difference of about two per cent. This is 
close enough for the present purpose, but in practice the 
figure and diagrams should be drawn large enough to make 
this difference, at most, one per cent, of the smallest result. 

A truss of this character, with more than one system of 
triangulation, gives indeterminate stresses, but the approxi- 
mate method of Art. 18 may be used. Approximate deter- 
minations may also be made by treating each system, with its 
weights, by the methods just given, and combining the results 
for the chords. 

Art 27. — Orane TmueB. 

A form of truss which has been used for powerful cranes. 




Fig. X. 
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under circumstances requiring much head room, is that shown 




in Fig. I. It revolves about a vertical axis midway between 
E and F. 
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In the example taken, the weight, IF, hanging from /?, the 
peak, is supposed to be ten tons. 

Each chord of the truss m, /, k^ etc., of a^ ^, r, etc, is made 
up of chords of quadrants of two circumferences of circles. 
The radius for the chord mlk^ etc., is 25 feet, and that for 
the other chord is 22.6 feet. EF is 5 feet. 

Denoting the chord panels by single letters : 

tf = 5 feet. 
m=b=c=6 " 

>i = 9 " 

Fig. 2 is the complete diagram for the stresses in the truss, 
supposing the only load to be the ten tons hanging from the 
peak. If it should be necessary- to take into account the 
weight of the truss, it would be done precisely as the fixed 
weights of trusses have been treated in the preceding Articles. 

The lines in Fig. 2, denoted by letters and figures, are par- 
allel to lines denoted by the same letters and figures in Fig. i. 

The diagram gives the following results : 

(i) = + 12.5 tons. ( 2) = — 14 tons. 

(3)= + 6.00 " ( 4)= -137 

(5)= + 1.50 " ( 6)= - 134 

(7) = — 2.60 " ( 8) = - 14.0 

(9) = — 7.20 " (10) = — 13.2 

(11) = — 5.8 tons. 

{a) = — 8.7 tons. (w) = + 17.8 tons, 

(b) = — 24.0 " ( ^) = + 304 

(^) = -35.9 " (>{•>= + 38.7 

{d)z= - 44.0 " ( //) = + 44.2 

(r) = -48.2 " {g)= +47.2 

(/) = — 54.1 tons. 

These results may easily be checked by moments. The 
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different lever arms, with two exceptions, to be used, are 
shown in Fig. i. The normal distance from ^to Cis about 
4.6, and from c to 5 about 5.3 feet. These lever arms were 
scaled from the drawings, and may not be exactly right, but 
near enough for the purpose. By moments about C: 

{g) = + {10 X 22.25) -^ 4-6 = + 48.4 tons. ^1 

By moments about J> : ^B 

(t) = - (lox 26.0) -^53 = —49.0 tons. 

The chord sections ti and k, prolonged, meet at A, and mo- 
ments about that point give : ^M 

(7) = - (10 X 2-7) -H 14.7 = - 3.5 tons. H 

These results agree sufficiently well with those obtained by 
the diagram. 

If the chain, rope, or cable pass along either chord, the ten- 
sion in it will tend to produce an equal amount of compres- 
sion in the panels of that chord. The resultant stress, there- 
fore, in any pane! will be the algebraic sum of this amount of 
compression, and the stress due to the weight IV. 

Fig. 3 is a skeleton diagram of the ordinary crane, which 
revolves about the centre line of £D as an axis. AB is the 
weight hung at the peak, A. BC 
is parallel to DA, and represents 
the amount of tension in that 
member. AC \^s. the compression 
in ^£ due to the weight W. As 

Cff L before, the tension in the rope or 
'^^^ cable tends to produce an equal 

/ amount of compression in any 

J'^ member along which it lies. 

/ Let / denote the normal dis- 

■YTT.. X .. tance from DA to any point in 

'''°- ' the centre line of DE\ then any 

section of DE will be subjected to the bending moment : 
J/=iDA) x/. 




^ 
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DE will also be subjected to a direct stress (tension in 
Fig. 3) equal to the vertical component of the stress in DA, 
The greatest resultant intensity of stress in any section will 
be the combination of the intensities due to these two causes. 

Art. 28. — Preliminary to the Treatment of Roof Tnuses — Wind Pressure 

— Notation. 

Four, only, of the principal types of roof trusses with 
straight rafters will be treated, since the method used for 
any one is precisely the same in character as that to be used 
for any other. 

The wind will be assumed to act on one side of the roof, 
and its resultant action will be assumed to be normal in direc- 
tion to the rafters. If such is not the case, f and v will 
represent empirical determinations of the horizontal and 
vertical components, respectively, in the Articles which fol- 
low, and the methods will remain precisely the same. 

Let/ be the intensity of this normal wind pressure, and let 
/and /i be the lengths of two adjacent panels of the rafter, 
while d is the horizontal distance between two adjacent and 
parallel rafters. The total normal wind pressure supposed 
exerted or concentrated at the point between the two panels, 

will then be — — ^^ ~ ; or if / = /i , as is usually the case, pdL 

If B is the angle which the rafter makes with a horizontal 
line, the horizontal component of this normal pressure will be: 

/= - — ~ sin 6 ; or pdl sin u ; 

and the vertical component will be : 

V = -— — cos n\ or pdl cos n. 

Finally, let the total fixed weight of the roof !>e sii])])ohc(1 
concentrated at the panel points of the rafters; and l<*t the 
weight of such load at any panel point be rejiresenUrd !>y /(^, 
The total vertical load at any panel point will then b<: : 

The vertical reactions due to the vertical component of Ihc 
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wind pressure and the fixed load are found by the principle 
of the lever in the usual manner ; that at the left of the span 
will be called R, and that at the right, R'. 

The vertical reactions due to the horizontal forces f, wiU, 
however, be called E!', and they will be found for the different 
cases by taking moments about any point in the horizontal 
line Joining the feet of the rafters. If b is the vertical pro- 
jection of a rafter, and 2c the span, or distance between the 
feet of two rafters meeting at the ridge, there will result : ^m 



^ 2 2.C ^c ^1 

At the foot of the rafter pressed by the wind, this reaction 
will be dotuniuard in direction ; at the foot of the other rafter 

it will be upzaard. 

The total horizontal reaction at the points of support will 
be equal to bp, the total horizontal force of the -wind, and its 
direction of action will be opposite to that of the wind. The 
horizontal component of the wind pressure and the horizontal 
reaction produce a couple, equal and opposite to that whose 
force is R' , and whose lever arm is 2c. 

R" must be numerically less than R, or the wind will turn 
over the roof bodily. 

If the foot of one rafter is supported on rollers, the hori- 
zontal reaction will be wholly exerted at the foot of the other. 

If the foot of neither rafter is supported on rollers, the 
horizontal reaction will be assumed to be equally divided 
between the points of support. 

The stresses for the vertical and horizontal loads are found 
by separate diagrams, although they might be found by one 
only, because the slope of the roof may, in some cases, be so 
small as to make it needless to consider the forces _/". 

If rollers are used at the foot of one rafter, the wind may 
press that one or the other. In treating a large roof it may, 
then, be necessary to take the wind first in one direction and 
then in the other, 

These two, with the case of no rollers, make three possible 
cases, and an example will be taken in each one. 
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Art 29.— First Szample. 

The truss represented in Fig. i is a roof truss, applicable 
to short spans. There is no " moving load " in such a case. 
The wind pressure, however, may act on one side and not on 
the other, and for that reason W^ W^^ and W^ are taken as 
differing from each other, as was explained in the preceding 
Article. 

ft 




Fig. I. 

There is no essential error in this case in assuming all the 
load concentrated at the points indicated. The wind press- 
ure is assumed to act on the left side of the truss, so that 
W> W^ > W2. Also, Wi = ^(W-{- JV2). A and B are equal 
in length, and E is horizontal. 

Figs. 2 and 3 are the stress diagrams for Fig. i, and the lines 
in them, indicated by letters primed, are parallel to, and repre- 
sent stresses in the members marked with the same letters in 




Fig. 2. 



Fig. !• The kinds of stresses in the different members are 
shown by the signs 4- or — , in both figures, signifying tension 
or compression, respectively. 

7 
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Fig, 2 is the diagram for the vertical loads, and Fig. 3 that 
for the horizontal loads/. 




I 



Fir.. 3. 



^ Rollers are supposed to be under the foot of neither rafter. 
Consequently the horizontal reaction at each end is /, as 
shown, fi is equal to \f. 

In Fig. I, K' acts downward at the left of the span, and 
upward at the right. 

The resultant stress in any member is the algebraic sum 
of those given by the two diagrams. 

Fig. 3 does not show all its lines parallel to the members of 
Fig. I, There is, of course, a diagram similar to Fig. 2, for 
the right half of the truss, but it is not needed. 

The stresses may alio be found by the method of moments, 
by locating the origin of moments according to the general 
principle stated in Art, 1 7. 



Art. 30.— Second Example. 

Fig. I of this Article represents a very common roof truss. 
RAs before, the total load is supposed concentrated on the 
rafters at the points indicated. Wind pressure is taken as 
acting on the left of the roof, making I'r> (F, > \\\. W^ is 
simply the panel weight of the roof, and \\\ = \{W -\- H^. 
Each rafter is divided into four equal parts, and W is taken 
equal to 2 JK. Hence the reaction /i = 3 11'. This does not 
at ail affect the generality of the diagram. The lower e»- 
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tremity, however, of D\ in Fig. 2, will not usually be found 
at a. 




Fig. z. 

Fig. 2 is the stress diagram for the vertical loading taken, 
and the notation has precisely the same meaning as before. 

It is seen from Fig. i, that there is some ambiguity in 
regard to the stresses C\ Q\ F\ and M'. It may be assumed, 
however, that E' = H' and P' = Q\ which makes F' = 

2H'^2E'. 










Fig. 2. 



The kinds of stresses are shown on the diagrams. 
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Fig. 3 is the diagram for the horizontal stresses f and 

Rollers are supposed to be placed at the foot of A. Hence 
all horizontal reaction will be found at the foot of Ax* As 
shown, that reaction will be equal to 4/. The vertical reac- 



^--_-r_-_-.£i.z 







tion R' will be directed downward at the foot of Ay and 
upward at the foot of A^. 
Considering the horizontal forces only : 

Ai = B; = Q = A' = - A'. 
K,'=L^ = a = -4/-^'- 

The resultant stress in any member is found by combining 
the results of the two diagrams in the usual manner. 

This style of truss is so frequently used that formulae for 
the stresses due to the vertical loading are given below, in 
which a is the length of the rafter, c the half span RR\ and b 
the height of Wi above O. These expressions may be readily 
derived from Fig. i. 



a 



A' = ^R, 



B' =A'- W-, 

a 



C' = A' -2W-, 

a 



D' = A'-zW-, 
^ a' 



//'=£'=- IV, 
a 



F' = 2ff''=2-W, 

a 



- . » V ■ 1 "A ^i 



XOOF TRUSSES. 



lOI 



P' = Q' = 



^K 






K' = tR^ 



Art 31.— Third Example. 

Figs. I, 2, and 3 are roof-truss and stress diagrams, respect- 
ively. The wind pressure is supposed to act on RlVi, and 
the total load is taken to be concentrated as* shown. 




3/* 



Fig. I. 




€XCL. JR 



Fig. 2. 



The rafters are each divided into three equal parts. 
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The notation has the same signification as that used be- 
fore, and it is unnecessary to explain the diagrams. 

Fig. 2 is the diagram for the vertical loading, and Fig. 3 
that for the horizontal forces/ and /j = \f. 

Rollers are supposed to be placed at the foot of A^ in Fig. 
I. Hence the total horizontal reaction will exist at the foot 
of A^ and its value will be 3/ as shown. As before, the 
direction of /?" will be upward at the foot of A^ and down- 
ward at the foot of A. 

The resultant stress in any member will be found by com- 
bining the results given in Figs. 2 and 3. 



^-'-.-t-T 



:=b;.<- 




Fig. 3 does not show K^ equal to H^^ as it is not a scale 
diagram. 

The members FH and K are in tension, while D and E are 
in compression. W^ W{> JV^t the last being the fixed panel 
weight of the roof. 

Art 32. — Fourth Example. 

In this Article, as before, Fig. i is the truss, and Fig. 2 is 
its stress diagram for the vertical loading. Wind pressure is 




Fig. I. 
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taken as acting on iJW^i ; the reaction R, therefore, is ^ (3 f^ + 
Wx + W^ and W> W^ > W^. The rafters are each divided 
into three equal parts, and F and D are vertical. IV^ is the 
fixed panel weight of the roof, and ]\\ = (JV + IV..) -j- 2. 




Fig. 2. 



The kinds of stresses in the various members are shown in 
Fig. 2. 

It is unnecessary to give the diagram for the horizontal 
components of the wind pressure. The method of drawing 
it will fall under some one of the three cases already given. 



Art. 33. — Qeneral ConBiderations. 

In all the preceding cases of roof trusses the stresses may 
be obtained by the method of moments, and therefore the 
graphical results may be checked by that method. 

The operations are precisely similar if a part of the load is 
hung from points in the tie ^A", in all the cases, or if the 
loading is even more eccentric than that assumed. 

In many cases the sides of large buildings are braced to 
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the roof by oblique members extending from that panel point 
of RK adjacent to the side, to some point in that side. In 
such cases the wind will cause stresses, in the different mem- 
bers of the roof truss, which must be determined independ- 
ently of those already found and added, algebraically, to 
them. 



CHAPTER IV. 

SWING BRIDGES. ENDS SIMPLY RESTING ON SUPPORTS. 

Art. 34. — Oenand Ooiuddenitioiii. 

Without regarding the nature of the supports or attach- 
ments at the extremities of the two arms, swing bridges are 
divided into two classes: those with center-bearing turn- 
tables, and those with rim-bearing turn-tables. In the first 
class the entire reaction at the pivot pier is exerted through 
a central pivot, or a nest of one or more series of solid, con- 
ical rollers ; usually the latter. In such a case there may be 
a circular drum or framework, supported on wheels running 
on a circular track, but they are used solely for the purpose 
of steadying the bridge while open. 

In the case of a rim-bearing turn-table, however, the reac- 
tion at the pivot pier is exerted through the circular track on 
which the wheels supporting the drum or framework of the 
table turn. The object of a pivot, in such a case, is simply 
to enable the bridge to turn truly about a center. 

In reference to the truss, there is evidently only one point 
of support, at the pivot pier, with a center-bearing turn-table, 
I. ^., at the center. 

With a rim-bearing turn-table, however, there may be two 
or more points of support at the pivot pier, though it will be 
shown hereafter that, by separating the different systems of 
triang^lation, it will never be necessary to consider more than 
two at once. 

Again, with either turn-table there may be three different 
methods of supporting or securing the extremities of the two 
arms of the bridge. These extremities may simply rest on 
supports, so that the reaction will always be zero, or upward ; 
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this is the only case which will receive more than a passing 
notice in this chapter. 

Again, those extremities may be fastened down or latched 
to the piers when the bridge is not open. The reaction may 
then be nothing, upward or downward. 

In these two cases the reactions at the extremities of the 
arms will be zero when the bridge is simply closed, and sup- 
porting no moving toad, 

In the first, when the moving load is on one arm, the ex- 
tremity of the other may be slightly raised from its support ; 
in the second case, however, that extremity will be held down 
by the latching apparatus, /. f., the reaction will be downward. 
The object of the latching apparatus is thus seen to be the 
prevention of the hammering of a truss-end on its support. 

Finally, the third method is to raise, by proper machinery, 

the truss ends, when the bridge is closed, any desired amount. 

The object of this arrangement is to insure a reaction at 

the extremities, which will always be nothing or upward, and 

thus obviate the hammering before mentioned. 

In this case the whole of the bridge weight does not rest at 
the pivot pier, as the lifting of the ends takes up a part of it ; 
in fact, may take up the whole of it. 

Recapitulating, then, the ends of a swing bridge may be:^^ 
(i.) Simply supported, ^^M 

(2.) Latched down, ^H 

(3.) Lifted up. ^H 

The detailed consideration of the first case will next be 
taken up. 

Alt. SE.^Oeneral Ponnula for the Cub of Ends Simply SnpportBd — Two 
Points of Support »t Pivot Pier— One Point of Support »t Pivot 



With two points of support at the pivot pier there usually 
arises the case of a continuous beam resting on four points of 

Fi41 
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support, as shown in Fig. i. The notations of the spans and 
bending moments at the different points of support are suf- 
ficiently well shown in the figure. The points of support 
will all be taken in the same horizontal line, as the formulae 
will then also apply to any configuration belonging to a state 
of no stress, provided the truss may be considered straight 
between any two points of support (see Appendix). Any 
truss may be considered straight when an equivalent solid 
beam has a neutral surface which is plane before flexure ; 
a straight solid beam is " equivalent " to a straight truss when 
equal moments of inertia and resistance are found at the same 
section in the two structures. 

The theorem of three moments, in the ordinary form, does 
not apply, then, to a continuous truss with one chord curved, 
and none of the following investigations apply to such a 
case. 

Again, in the span L there will be supposed no load, as 
such is usually the case. The load on /, ought always to be 
supported on short girders or beams resting at B and C, for 
there is the less complication of stresses in the trusses, and 
consequently less liability to uncertainties ; besides, such an 
arrangement is probably more economical in material. • 
• In the present case M^ and M^, will each be equal to 
zero. 

Let z denote the distance of the point of application of any 
force, -P, from the left-hand end of the left-hand span, or 
right-hand end of right-hand span. In /„ z would be meas- 
ured from Ay while in 4 it would be measured from Z>. 

The formula expressing the theorem of three moments for 
all supporting points in the same level becomes, by using the 
notation of Fig. I : 

1 2 

The symbols 2? and '2 indicate summations for the spans 
^ and 4. 

Applying the above equation to spans l^ and 4, and then 
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to 4 and /j, there will result, bearing in mind the circumstances 
of the present case : 

2iJf,(/i + 4) + iWi4 + jip(A'-^i? = o .(I). 

M2k + 2M^{k-\- l^) -^Ikp^li -^ z')z = o . (2). 

If Eq. (i) be multiplied by 4 and Eq. (2) by 2 (^ 4- 4) ; and 
if the results so obtained be subtracted, there will at once 
result : 

{4(4 + 4)(A + 4)-tf{ .... (3). 
Eq. (i) then gives : 

M^^-\M^k + j2P{/,^^s^z I -4- 2(A+4). (4). 

Eq. (2) will evidently give another expression for M^ but 
it is not necessary to write it. 

Let Riy R^y -^39 and ^4 be the reactions at the points of 
support Af £f C, and D respectively, Fig. i. Then, adapting 
the formulae for reactions from the theorem of three mo- 
ments (see Appendix) to the notation of the present case, 
there may at once be written 

R,=.^P^±Zl + ^ .... (5). 
R,= kp'^-^l^ . . . (6). 

R,= ^Mi:^^^pi^-^ . . .(7). 

R^ = 2P^l^ + -^ (8). 

As should be the case, there is found : 
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In the different summations, 2, of Eqs. (5), (6), (7), and (8), 

-J and J are constant quantities, and may be brought outside 

of the signs 2 ; this fact will considerably simplify the actual 
summations. 

It may sometimes be convenient to use the following equa* 
tion derived from Eq. (i) : 

If, = - 1 2if, (A + ii) + i i/' (/,•-;»*) -5 } -5- h ' (9). 

These are all the equations necessary for the solution of 
the case of two supports at the pivot pier, frequently exist- 
ing if the turn-table is rim-bearing. 

If there is only one point of support at the pivot pier, the 



s S" 



^ ^ iwj 

case reduces to that of a continuous beam of two spans only, 
as shown in Fig. 2. 

As A and C are points of support only, J/j and J/, arc each 
zero; hence the equation immediately preceding I'>j« d) 



2 iL,^ l^i (fjf. 

There will also result : 






' r/f. 



'.f. 



R,^:tr ^^^',.7. . . 'y,,. 
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In Eqg. (i i), {12), and (13), also, it will be found convenient 
in the actual summations to bring the constant quantities 



There is again found ; 

i?! + Tf, + ^j = kp + 2P, 

These complete the general formula needed for the case of 
ends supported. 

Some very important deductions are to be drawn from 
Eqs- (5). (6). (7}. (8), (n), (12), and (13), considering tJum 
applied to bridges with rim-bearing turn-iablcs. 

Those equations are so written that a positive value of R 
means a reaction upward in direction, while a negative value 
indicates a downward reaction. 

In the case of Fig. i, let the span 1% be supposed free of 

any loads P, then the term involving the summation ^ will 
disappear. Eq. (3) then shows that jJ/j will always be posi- 
tive ; consequently Eq. (4) shows that M^ will always be 
negative. 

Using these results in connection with Eqs. (5), (6), (7), and 
(8), it is at once seen that R^ and R^ will always be positive, 
■while R3 will always be negative. 

It may also be shown that Eq. (5) makes i?i positive in such 
cases as always arise in an engineer's practice, although that 
equation apparently shows that ^i may, under some circum- 
stances, be negative, since M^ is always negative in the case 
taken, while (/[ — 3) is, of course, always positive. 

By deducing the value of M^ from Eqs. {3) and (4), and 
introducing it in Eq. (5), there will result : 



4[i^«-^)4(4 



a a + '.) 



(/, + /,) (/, + /,) - /.V 



2P (/,' 



-«•)«]. 



If /j is very small in comparison with /i or /,, and if, at the 
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same time, z is small, there may be written for a single " P," 
nearly : 

which is evidently positive. 

If, on the contrary, 4 is small and z large, there may be 
written for a single weight Py nearly : 

^1 = i [P (A -z)- ~j P (/, + z) (A -s)s~\. 

In this expression R^ can be equal to zero only by suppos- 
ing the negative quantity within the brackets to be larger, 
numerically, than it ought to be, i, r., by making (/i -f ^) = 2/1, 
and z = li\ hence it can never be negative. 

If /i = 4 =/« = / the general value of -^1 .takes the form : 

i?.=i[/'(/-.)-^,p(/«-^).]. 

If z is small, there results nearly : 



R, = l[_P,-±P.-\. 



If z is lai^e, nearly : 

In neither case, therefore, can the reaction be negative. 

It may, consequently, be assumed as a principle that if 4 is 
small in reference to 4 or 4, or if it is equal to those quan- 
tities, the reaction 7?i, in the case supposed, must always be 
positive ; and within those limits must be found all cases of 
swing bridges. 

Since any load on the span 4 makes the reactions at A and 
D positive, considered by itself, so any load on 4 will, of 
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itself, make the reactions at D and A positive. Consequently, 
as there is never any load on /„ the reactions at A and D will 
always be positive, and the ends of t lie bridge -will never tend to 
rise from their points of support. No " hammering," there- 
fore, can take place, in this case, at the ends. 

The case of the two points of support, B and C, taken in 
connection with a center-bearing turn-table will be considered 
further on. 

Fig. 2 represents the case of either a center or rim-bear- 
ing turn-table with only one point of support at the pivot 
pier; the two cases are coincident in all their circumstances. 

Eq. (10} shows J/a to be always negative. Consequently, if 
there is no load on /„ ^1 and R^ will always be positive, while 
Rt will always be negative. 

When span /, carries load, however, the span Jj may, at 
the same time, support just enough load to make R% equal 
to zero ; more load than that will make R^ positive, or upward 
in direction. 

But in the present case the point C is simply a point of 
support, consequently no negative or downward reaction can 
exist there. It becomes necessary, therefore, to determine 
just how much load on /j, combined with the full load on /j, 
will make ^3 = o. For this purpose, M^ must be taken 
from Eq. (lo) and inserted in Eq. (13), while in the latter R^ 
must be just equal to zero. For the sake of brevity, let 



J 2P {li — s^she represented by ^ 
Then from Eq. (10) : 



AL = 






2 (/,+ /,) 



(14)- 



A is Si constant quantity so far as this operation is con- 
cerned. 

Putting this value of M^ in Eq. {13) after making ^a = o: 



2ki.k-^U)2P{U-!s)-SP{l.t-!?)!!! = Al^ . (15). 
Eq. (15) indicates what disposition of the load on the spaa^ 



ENDS SIMPLY SUPPORTED. 



"3 



4 will make i?, = o ; and it will be seen to be of very easy 
application. 

The determinations of i?i, 7?2» and i?3, for all loading in 
excess of that indicated by Eq. (15) will require the use of 
Eqs. (11), (12), and (13) as they stand; for all loading less 
than that amount, however, R^ = o, and the reactions Ri and 
R^ are to be found by the simple principle of the lever, con- 
sidering /j as a simple overhanging arm, or cantilever. These 
operations will be shown in detail hereafter. 

In this case it is evident that "hammering " will take place 
at the ends with certain dispositions of loading. 

ArL 36.~Siids Simply Supported — Four Pointi of Support at OMitmr — 

Xhrampln. 

The general formulae of the preceding article will be applied 
to the truss shown by skeleton diagram in Fig. i of PI. X, in 
which the verticals are supposed to be compression members, 
and the diagonals tension members. The following are the 
data: 

Panel length = >4^ = ^C= &c. =/ = 12 feet. 

NO = 00' = O'yr = S feet. 

AA = 22 X 12 -^ i A 8 = 2SS feet 



Bi= 20 feet. 


If A = 26 feet. 


Cc =21 "* 


KJk = 27 " 


Dd=22 " 


L/ =28 " 


£> = 23 " 


Afm = 2^j " 


F/=24 " 


//n = yj ** 


Q-=25 " 


Oo - 30 '* 



Total fixed weight = l?;o pojnd-, p';r foot. 

Upper chord panel fixc-i wdj^hr -i I'/ -. . 4,? \',t\%. 
Lower •* ** » .. ;// ^^^^ ,. 

Panel moving loid = w 






No locomotive exce>^ »::: b/t u^*^., b.* i .'..^'^r:^, ?/;o/;f,>j 
load of 3/xx> pounds per f wr :\ av* ^rr.-t'f . 



There are fonr $apponir,g y/:z.\^ it r;.- ;/v'.^ >;* r, /. -r , //, 

o 



'1.^ ^.i^"'. ^ 
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0, O', and N', yet the truss, as a whole, may be divided into 
two systems of triangulation, each of which is a truss in itself, 
possessing but two points of support at the pivot pier. One 
of these systems is AcCiEgGkKmMoOo 0' , etc. ; the two 
points of support arc and 0' . The other system evidently 
is AbBdDfFliHlLnNn'N' , etc. ; the two points of support are 
A'andA^'. 

Each of the systems may be considered as a truss subjected 
to the action of the weights resting at the apices belonging 
to it, since the stresses existing in one system in no way af- 
fect the other, with one unimportant exception. 

This exception, for one arm, is the fact that the post Nn Is 
subjected to stress in consequence of any stress existing in 
mno as a portion of that system to v^'hich Nn does not belong. 
If mno were straight, Nn would not be affected. 

This exception apparently makes A' a point of support for 
the system AcC, etc., but it really is not so, since the point n 
may be supposed held in its position by a member joining the 
points H and O. All stresses in the two systems may there- 
fore be found independently of each other; but the stress in 
nin, considered as belonging to AcC, etc., will give to /r^Van 
amount of compression equal to the stress in mn multiplied 
by the sine of its inclination to a horizontal line, as will be 
seen hereafter. _ 

It is seen, therefore, that all reactions may be found by apra 
plying the formulae of the preceding article to each system ol " 
triangulation. 

In the example taken there are only two systems of tri- 
angulation, but precisely the same observations would hold if 
there were more than two, so long as any one system lias no 
ntore than two points of support at the pivot pier. 

In determining the stresses in the different members of the 
truss, the simplest method of procedure is to determine all 
the stresses in the truss due to each weight separately, and 
then combine the results. But such a method, however 
simple, involves an amount of labor entirely unnecessary for 
the determination of web stresses. The results developed in 
the preceding article make it possible to predict what posi- 
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tion of loading will give the greatest stresses of given kinds 
to the web members. 

The office of all members in the arm yLV sloping similarly 
to cE is to carry loads, so to speak, over to A, in order to 
make up the proper reaction at that point. 

Those members and corresponding ones in the other arm 
may be called ^^ counter braces^' or simply " counters^ 

Any reaction at A may be considered as made up of as 
many wliole panel loads, fixed or moving, combined with a 
portion of one^ as may be necessary ; this one will in general 
be found at that point for which the shear or 2;/^ is equal to 
zero. It will always be found there if the chords are hori- 
zontal. 

It was shown in the previous article that any load on either 
arm will make both the reactions at A and A' positive. In 
order, therefore, to find the greatest number of counters that 
will ever be subjected to stress, it will be necessary to bring 
the moving load on the bridge from A\ and then find the 
position of its head on the arm AN^ which will make that 
point and the point of no shear (for which 2:P= o, ** P " in- 
cluding fixed as well as moving load) coincide. 

As will be seen, this position may easily be found by a very 
few trials. 

In the case taken, the moving load is uniform in intensity, 
but the above observations hold equally true if there is a 
locomotive excess. 

Now, t/te first counter* needed will be t/ie one at the head of 
the train in the position Just found ; for in all other positions 
the points of no shear will either be found at this same panel 
point, or at others between it and the end of the truss. 

The greatest stress in any other counter luill be found by plac* 
ingthe head of the train at its foot, since tlu: intreas<: r>f reac- 
tion caused by a panel's length advance of the train will Ik? 
the increase also of shearing stress in the me-mb«:r in question 
(if the chords are horizontal; consequent upon the- sain*: ad- 
vance. 



• It b potable that snch a one might not be subjcctcl to ntrcw, in whi'Ji 
case, of oomie, it might be omitted. 
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Thus all the greatest counter-stresses may be determined. 

The greatest stress in any counter of the arm A'N' will 
evidently exist when the train moves from A toward A'. 

In connection with the greatest stress in any counter cE, 
there should also be found the accompanying stress in the 
vertical, as cC, which cuts its upper extremity, as, near the 
ends of the bridge, such stress may be the greatest in the 
members in question. 

Again, confining attention to the arm AN, there is to be 
found the position of the train which will give the greatest 
stress to any web member which slopes upward and away 
from A, as fh ; such members may be called " main braces."' 

Since any load on^'A'" causes a negative reaction at either 
A' or O, the greatest reactions will exist at the latter points 
when all the moving load resting on the bridge is found on 
the arm AN. Remembering in connection with this, that a 
portion of every load resting on /iA^ passes to A, and the 
other portion to A'^ or O, it follows that the greatest shear in 
any of the main members under consideration will exist if the 
train eoi'ers the bridge from A to its fool. In this manner are 
determined the greatest stresses in all the main web members 
considered. 

In connection with the greatest stresses in these web mem- 
bers, there should be found those existing in the verticals 
which cut their upper extremities, as these latter will, in gen- 
eral, be the greatest stresses in those verticals. 

The exceptions, if any, will be found near the ends. 

The main web stresses in the arm A'N' will evidently be I 
found by bringing on the moving load from A'. 

The same conclusions in reference to positions of loadinj 
for the greatest web stresses may be arrived at more elegantlyl 
and concisely by a consideration of the shear at either end e 
the arm in question. 

Let .S" be the shear for any position of loading at either endj 
of the arm, in conformity with the treatment of braces < 
counterbraces, or span, considered positive in this case. Lei 
n and «' be the numbers of fixed and moving panel loadsl 
respectively, between the end of the arm where 5" exists, and j 



k 



E.VDS S/MPLY SUPPORTED. - 1 r/ 

I any web member. Then the shear for that web mem- 
ber is: 

The greatest stress in the web member considered occurs 
when s is the greatest ; but s is the greatest when (S — n'w) is 
the greatest, since n { !V+ W) is constant for a. given section. 
But s'rf varies much more rapidly than S, although in the 
same direction, consequently (-S— n'w) will be the greatest 
possible when «' =o. 

In the present example, for the left arm of the truss and 
for the main web members, 5 would be taken at an indefinitely 
short distance to the left of If ox O, and the results of the 
preceding chapter show that it will be the greatest possible 
when the moving load covers the whole arm, since any load 
on the right arm makes a positive reaction at A. But «' 
must, at the same time, be the least possible, or zero. Hence 
the moving load must extend from A to the foot of the 
inclined web member for tlie greatest stress in it, or the ver- 
tical whose upper extremity it cuts, 

For the counters, S would be taken at an indefinitely short 
distance to the right of A. In such a case 5 will have its 
greatest possible value when the moving load covers both 
arms; but n', as before, must have its least value, i. e., zero. 
Hence the moving load must extend from the right-hand end 
of the right-hand arm to the foot of the counter considered, 
for the greatest stress in it, or, possibly, in the vertical cut by 
its upper extremity. 

For all positions of the moving load which make S — n 
(If + W) < o, or negative, no counters are needed. 

The equation : 



" then gives the panel point, at which the counters are to begin. 
^1 is written for S because they are the same in this case. 

The first counter is really found by this equation, as wUl 
presently be seen. 
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The preceding observations have been made as if the chords 
were horizontal, while in the example taken one is inclined. 
They hold, however, as long as the chords are slratgkt, since 
then a portion of the whole shear is to be considered, which i 
attains its maximum with the whole. 

The central diagonals nN', n'N,oO', o'O, are subject to no 
stress if both arms are of equal length, and if the loading is 
symmetrical, for in such a case R^ = Rg and R, = Rf. 

The last relation in connection with Equations (5) and (8) 
of the preceding Art. gives,' 

M^ = Alt; 

and this in Equations (5) and (6) gives : 



Ri + Ri = ^P. 

Hence there is no shear in the span /j. From this result it 
at once follows that all symmetrical loads produce no shear 
in the span /,, and, consequently, that the central diagonals ■ 
will sustain their greatest stresses when one arm is covered 
with the moving load and the other is free from it. 

Since all moving loads make the end reaction positive, the ' 
bridge open is the only case in which tension can exist in the ' 
upper chords, and compression in the lower, near the ends. 
For this reason, and the fact that it will be advisable to find 
stresses due to fixed and moving loads, in the chords, sepa- 
rately, it will be necessary to find all the open draw chord 
stresses, and tabulate them. 

Although positions of loading may easily be assigned for 
the greater portion of the greatest chord stresses due to the 
moving load, yet. since the same load will subject some panels 
to different kinds of stress, according to its position in the 
span, it will be best to find all the chord stresses in each arm 
due to each panel moving load, and combine the results with 
each other and those due to the fixed load already indicated. 
Such a process, as will be seen, does not involve the amount 
of labor which it may seem to signify, though it is surely*, 
somewhat tedious. 
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The preceding observations will enable all the greatest 
stresses in the bridge to be determined, and it is to be borne 
in mind that they hold when l^ is not equal to 4 (except in 
the special case where equality was assumed), when the panel 
loads P are not the same, and when there is, or is not, loco- 
motive excess. It is also to be borne in mind that each 
system of triangulation, with its weights, is to be treated, 
according to the principles laid down, as if it were a truss 
acting by itself. 

When the moving load covers, entirely or partially, one 
arm only, it will frequently be convenient to use the following 
formula : 

8 

Omitting all terms involving -5", Equation (4) of the preced- 
ing Art. may be written, by the aid of Equation (3) : 



Mo=: — 2 J/« 



•2 — '^-^'^8 

12 



(■nO (■)■ 



The actual example may now be proceeded with. 

In each system of triangulation /i = 4= /; hence the gen- 
eral value for M^ from the preceding Art. may take the 
form : 



since P, the panel load, is a constant quantity. 

The greatest stresses in the counters cE, bD^ and bC will 
first be determined. 

For the system of triangulation AcCcEgG . . , , oO the 
values of z^ measured from Ay with quantities depending upon 
it, are the following : 

2 



f 



120 
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^ 


= 


(24/ = 


576 . . 


. . iP 


-^S = 


456576 


a 


— 


(48)» = 


2304 . . 




u 


= 


830208 


a 


«— 


(72/ = 


5184 . . 




il 


= 


1037952 


u 


= 


(96/- 


9216 . . 




ii 


== 


996864 


u 


= 


(120/ = 


14400 . . 




ii 


:= 


624000 



3945600 



The constant quantities depending on / and 4 are 



/ = 140 feet 
00' = /a = 8 " 



•*• 1% 

(/+/,)» =21904 I 

4(/ +/,)»_ 42 = 87552. 



: 19600 
: 64 

7 = 0.05714 



The fixed load produces no reaction at A, hence in equa- 
tion (2) P will be eighteen tons, the panel moving load only. 
With the moving load covering both arms, or extending 

lromC'toC,k{l^-:?)s=^{l^- ^z; 



M,= - 



'» 



p(2 + ^)i(/«-x^ 
4(/ + 4/-4» 



= M, 



18 X 2.05714 X 3945600 ^^_ ^ t ^ , 
2^— t — ^222 = _ 1668.73 foot-tons. 

87552 '^ 



.•. By Eq. (5) of preceding Art., Ri = 31.79 tons 

(6) " 



<i << 



lit., 7?i = 31.79 tons ) 
« i?3= 58.21 " ) 



. (3). 



With moving load extending from C to Ey the summation 

8 1 

2S covers the whole arm, but the summation 2 does not include 
the value £?/ J = 24. Hence Eq. (2) gives for this case : 

J/, = — 1674.13 foot-tons, 

.'. By Eq. (4) of the preceding Art. ; 

J/j= 1470.3 foot-tons; 
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and by Eq. (5) of the sam^Art^ 

R^ = iS-3 tons^ 

With moving load extending from C to G^ the summation 
s 
2 remains the same as before, but values corresponding to 

1 
^ = 24 and r = 48 must be omitted from ^. 

By Eq. (17), and proceeding precisely as before, 

J^= — 16S3.83 foot-tons. 
J/a = — 1 109^ " " 
.-. Ri = 9.05 

The fixed panel load at A evidently belongs to the s\-stem 
of triangulation under consideration, for it is the vertical 
component of the tensile stress in Ac when the bridge is open, 
and on account of the extra weight of the locking apparatus, 
etc, it will be taken at 4 tons. 

Remembering that IW -hlV = i i.i tons, also that zv =P=: 
18.00 tons, and making use of the result just obtained, the 
number of counters needed in the s>'stem taken, and the 
greatest stresses in the same, can easily be determined. 

With the head of the train at C, 4 + i i.i + 18 = 33.1 > ^1 
= 31-79 '» •'• 2P=o at C. 

With the head of the train at E, the fixed panel loads act- 
ing through A and C are less than ^1 = 18.3 tons by 3.2 tons ; 

With the head of the train at (7, Ri = 9.05 tons < 4 + i i.l 
= 15.1 tons; .'. 2P= o at C. 

Consequently cE (if subjected to stress) is the first counter 
needed in approaching A from O, and it will be subjected to 
its greatest stress when the load extends from C to £", in 
accordance with principles before determined. 

With the inclined chord in this example, web stresses can 
be most conveniently found by a combination of the method 
by moments and the graphical method, as indicated in Chap- 
ter III. 
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Taking moments about €, with tjie head of the train at E, 
and dividing by cC = 21 feet, there will result : 



Stress in CE ■■ 



. (18-3 - 4) >^ 24 . 



16.34 tons- 



Suppose the truss divided by any plane cutting the mem- 
bers ce, cE, and CE. The 
shear "EP, or the algebraic 
I sum of the external forces 
acting on the left of that 
section will be j?,— 15.I 
tons = 3.2 tons — 'S.P. 
The lines in Figure i are drawn parallel to the members 
indicated by the letters, and to a scale of ten tons to the inch. 
The Figure gives, 




Stress in cE '- 



[-2.4 tons. 



The greatest stress in bC will be found by extending the 
train from C to C. Now, the panel fixed weight at b is to 
be taken as resting on the other system of triangulation; but 
since Ac cannot take compression, Ab and be must be sup- 
posed to exist, for this system, without weight. 

Taking moments about b with the head of the train at C, 
and dividing by bB = 20 feet, there will result : 



Stress in AC-- 



_ (3i79--4)x_i2 . 



■ 16.65 tons. 



EP 



Dividing the truss through AC, bC, and be, and constructini 
Figure 2 in precisely the sano 
Kg. 2 manner as before, remembering 
that 'S.P= 27.79 tons, the follow 
ing results will be obtained : 

Stress in bC =^ + 29.00 tons. 
Stress in bc=— 31,7 tons. 

The operations for the counters 
in the system AbBdDfF nN 
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are exactly similar in character to those gone through for 
the other system, and they will need little explanation. 

The constant quantities depending upon lengths of span, 
are the following : 

/i = 4 = / = 132 feet. .-. /' = 17424. 

4 = 24 " .-. 4- = 576. 

(/ 4- 4)^ = 24336 ^ = o. 1 82. 

4 (/ + 4)» - 42 = 96768. 

The values of z and the quantities depending upon them, 
to be used in Eq. (2) of this Article, and in the equations of 
the preceding Article, are given in the following expressions : 



^= (I2)»= 144 


.-. (/' — ^) -J — 207360 


«= (36)^= 1296 


- 580608 


"- (6o)«- 3600 


" — 829440 


"- (84)'- 7056 


" = 870912 


" = (108)'= 1 1664 


** = 622080 



3110400 

.'. By Eq. (2), for moving load on B' B : 

M^ = M^= — 1262.43 foot-tons. 

^1 = 39-53 tons. ) 

R^ = 50.47 tons. ) ^^^' 

For moving load on B'D all quantities depending on ^ = 12 

1 
must be omitted in ^, hence : 

-^8 = — 1269.44 foot-tons. 



(< « 



Mi= — 1171.2 
.'. i?i = 23.86 tons. 

For moving load on B'F M quantities depending on ^r = 12 

1 
and -sr = 36 in 2, must be omitted, hence : 

M^= — 1 289. 1 foot-tons. 

Afa= - 915.54 

/. Hi = 12.7 tons. 



(( « 
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For this system there is no fixed load at A. When, 1 
fore, the moving load covers B'BandRi = 39-53 tons,.2/'=o 
for /J, since 2 (ii.i + iS.oo)^ 58.2 > 39.53 and 29.1 < 39.53. 

If the moving load covers B'D, 2P = o for /?, since 
^1 = 23.S6> II. I and < 29.1 tons. ^Bj 

It is also seen tha.t ^P= o at Dior the moving load ^^| 
B'F, since ^i = 12.7 tons. ^^| 

The point of no shear, for which ^P = o, cannot, then, 
move to the right of D. Consequently bD is the only counter 
needed in this system, and it will be subjected to its greatest 
stress (if it receives any) when the moving load covers B'D. 

Assuming this last condition, and taking moments about b, 
the results, after dividing by bB = 20 feet: 

.^iTCBB in A n ^ -^ ^ ^ J- 1 A i-j Ynna. 



rif3 




Figure 3 shows the stress diagram existing when the truss 
is divided through bd, bD, and BD. It is drawn to a scale 
of ten tons to the inch, and gives the stress in ^Z^as 164 
tons; ^P^ 12.76 tons. The greatest stress in bB will be 
simply, 

6.6 + 18.00 = + 24.6 tons ; 



it will be found when the load covers B'B, as well as for sol 
other positions. 
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The greatest stresses (tensile) in the counters, considering 
hB as one, are then : 

Stress in f-E = + 2^ tons. 
" bD= -{- 164 
«• bC = •¥ 29.CO " 
" bB = + 24.6 

It should be stated that as all verticals are considered com- 
pression members, bB is only subjected to tension as a coun- 
ter; it might be taken as a tension member only, with possi- 
ble ultimate economy, though more material would probably 
be required, but in such a case the fixed panel load at b would 
have to be taken as resting on the system AcCcE^ etc. 

The greatest main web stresses will next be found. 

The main web members are the only ones subjected to 
stress when the bridge is open ; for this reason the fixed load 
niust be taken into consideration in the determination of the 
niain web stresses, although it was neglected in finding the 
reactions for the stresses in the counters. 

Since all the fixed load is carried directly to the center sup- 
ports, "P," in Eqs. (i) and (2), and the general expressions 
for^, 7?j, and R^ will refer to the moving load only. 

The secants of the following angles will be needed : 

sec AbB = 1. 166. 
" AcC = 1.5 19. 
" oO'o' = 1.0349. 
" nN'fi' = 1. 28 1. 

Also let the angle of inclination of the upper chord to a 
horizontal line be denoted by a. 

Then : tan a = 10 -^ 120 = 0.0833 

sin a = 0.083 ^ 
cos a = 0.9965. 

The greatest stress in A6 will exist when both arms of both 
systems are loaded with the moving load, for the reaction at 
A will then be the greatest. With the moving load on both 
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arms it has already been found, in Eqs. (3) and (4), that the 
greatest reaction at A will be : 



31.79 + 39.53 = 71.32 tons. Hence: 
Stress in Ab = {71.32 — 4) x sec AbB = — 78.5 tons. 



4 



Compressive stresses will be indicated by negative signs. 

The greatest stress (tensile) in Ac will exist when the bridge 
is open, and it will simply be due to the fixed panel weight 
of 4 tons at A. Hence : 

Stress in Ac = 4 x sec AcC = + 6.0S tons, 

In some cases a vertical may sustain its greatest stress 
when the counter is subjected to its greatest stress, but in the 
example taken such a circumstance does not occur. It may 
easily be found by trial, for instance, that Ac and cC take 
their greatest stresses together; not cE and cC. If Ac be 
taken to represent the stress (6.08 tons) in that member, and 
if a line be drawn parallel to bii from A until it cuts cC. the 
portion found between c and the point of intersection will rep- 
resent the stress in cC due to that in Ac, By the aid of such 
a triangle there will be found : 

Stress in cC = —(3.8 + 4.5) = — 8.3 tons. 

In the determination of oth^r web stresses, each system of 
triangulation will be treated separately by a combination of 
the graphical and moment methods, as was done in finding 
the counter stresses. The train will be brought on from A, 
panel by panel. 

The most convenient formula to be used for the determina- 
tion of the reaction Ri is that given in the previous article, 
and is the second one following Eq. (13). 

Two force diagrams are required for each position of the 
train, but only those used for one position will be given, for 
they are all alike and ver>' simple. 

The system AcCcEgG, etc., will first be taken; and the 
following values of (/' — 5*)-, belonging to it : 



it and alread^i] 
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used, divided by 4 (/ -h /a)^ — l,^ = 87552, will be found con- 
venient : • 

45.6576 ^ 
87552 ^ 

830208 

1037952 ^^^g 

87552 

096864 

^ ^ = 11.39; 



87552 

624000 

87552 



= 7.13- 



2 {li + /) 

— ^ — ^ =0.0151. 

The formula for Ri is : 

As usual, the general expression for the shear at any sec- 
tion of the system will be ^P. 

For brevity the stress in any member will be indicated by 
putting a parenthesis around the letters belonging to it. 

In determining the shear, "/V' ^''^' include the fixed load ^ 
i. e.y in general P= ii.i -i- 18 = 29.1 tons. The fixed load 
will also be included in taking moments about any point. 

With tlu luad of tlic train at C, z has only the value 24: 

-^1 = 1 3.46 tons. 

Taking moments about e : 

(C£) = — 10.62 tons. 

Taking a section of the system through ce, Cc, and CE^ the 
shear will be : 

2P=. (29.1 + 4) - ^j = 19.64 tons. 
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The following diagram (ten tons to the inch) gives : 

(CV) = + 29.7 tons. 




Figure 4 is exactly similar to other stress diagrams used in 
determining the stresses in the inclined web members, except 
that e will be usually found on the left of cC. 



Q " ^ 




Figure 5 shows a diagram, or triangle, exactly similar to all 
figures used in determining stresses in the verticals, ac is 
parallel with the upper chord, and ab is vertical, and in Fig. 5 
represents the partial stress due to {Ce) in {eE) to a scale of 
ten tons to the inch. 

.•• {cE) = — (18.9 + 4.5) = — 23.4 tons. 
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Head of train at E. 

z has the values 24 and 48 ; .'. -^1 = 22.7 tons, and 2P= 39.5 
tons. Taking moments about g\ 

{EG) = — 29.95 tons. 

By taking a section through eg-, Eg and EGy the diagrams 
give : 

{fig) = + 56.0 tons. 

(^) = - (374 + 4-5) = - 41.9 tons. 

Head of train at G. 

z has the values 24, 48, and 72 ; .-. -^1 = 28.27 tons, and 
2P=^ 63.03 tons. Taking moments about k : 

{GK) = - 68.9 tons. 

By taking the section through gk^ Gk and GK^ the diagrams 
give: 

{GU) = + 83.0 tons. 

{kK) = - (57.8 + 4.5) = - 62.3 tons. 

Head of traifi at K. 

z has the values 24, 48, 72, and 96 ; .•. R^ = 30.83 tons, and 
2P=^ 89.57 tons. Taking moments about m: 

{KM) = — 129.81 tons. 

By taking the section through kmy Km and KM^ the dia- 
grams give : 

(ATw) = + 109.2 tons. 

{mM) = - (78.8 + 4.5) = - 83.3 tons. 

Head of train at M. 

B has the values 24, 48, 72, 96, and 120 ; .•. Rx =31.46 tons, 
and 2P= 118.04 tons. In this case moments must be taken 
about if/, and the stress in mn, consequently, will be found. 
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Taking such moments (the lever arm of {mn) is 29 x cosa^ 
28.9 feet) : 

{mn) = 127.6 tons (tension). 

By cutting mn, Mo and MN, the diagrams give : 

{Mo) = H- 129.5 tons. 
Vertical component of {Mo) = 107.5 tons. 

The apparent compression in oO will be the reaction R% at 

0\ it will be interesting to find R^ (at O') and i?4 (at A) also. 

Equations (2) and (i) give, after omitting all terms involv- 
s 
mg -^ : 

M^ = 46.33 foot-tons. 

i^/a = — 1714-21 foot-tons. 

Hence, from the general formulae of the previous article : 

i?2 = 278.6 tons. 
-^8 = ~ 220.4 tons. 
-/?4 = 0.33 tons. 

It is important to notice the large negative value of i?g. 
The apparent fixed load supported at d? is : 

6 X II. I + 4.0= 70.6 tons. 

The word *'*' apparent'' has been used because the general 
formulae for the reactions are really based on the supposition 
that a compression member extends from n to Oy or, that 
there exists something equivalent to that arrangement, and 
that it belongs to this system only. As the system actually 
stands, however, a part of the reaction -^2 = 278.6 tons will 
be found at N\ this part is the vertical component of {mn^ 

Vert. comp. of (mn^ = 127.6 x sin a = 10.6 tons. 

Consequently : 
{oO) = — (278.6 -I- 59.5 -». 4.5 ~ 10.6) = — 332.0 tons. 
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Or indirectly, by using the vertical component of {^Md) and 
7?s ^nd ^4.* 

{oO) = - 107.5 - 4-S - (220.4 - 0.33) = - 332.07. 

The agreement is nearer than will frequently be found. 
The diagram which gave (Ald)^ gives also : 

{MO) = - 199.00 tons = (00% 

Or, by taking moments about ^, of the fixed load of the 
right arm, and of Ri and ^4 : 

{AIO) = (— 220.28 X 8 — 0.12 X 16 — 55.5 X 76 — 4 X 148 + 
5046 X 8 + 0.33 X 148 + 9.04 X 16) -7- 30= — 199.23 tons, 

an agreement sufficiently close. 

The terms of this equation allow for the modified reactions 
at O* and A^' in a manner that will be shown farther on. 

There remains only to be found the stress in oO' ; and 
evidently : 

{pO*) = — (^g + 0.12 + ^4) X sccoO'o' = + 227.65 tons. 

The amount (4i0.i2 ton) is the vertical component of 
+ (fnn) caused by R^ (at A') = 0.33 tons. In other words, it 
is that part of R^ found at N\ 

The system AbBdDfF, etc., will next be taken up. The 
values of (/'—;?*) -sr, divided by a{1 -\- l^f — 1%^ are the fol- 
lowing : 

2073 60 _ 
580608 ^ 

96768 °°' 

829440 ^3 

96;68 ^'^' 

870912 

96/68 = 9-«>J 
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622080 



96768 



= 6.43. 



2 (/ -f 4) 

^^a '^ = 0.0179- 

Head of train at B. 

z has the value 12 ; .*. -^1 = 1 5.68 tons, and 5'/'= 29.1 — i?, 
= 13.42 tons. Taking moments about d\ 

{BD) = — 6.09 tons. 

By taking a section through bd^ Bd^ and BD^ the diagrams 
give : 

{Bd) = + 21.3 tons. 

{dD) = — (12.9 + 4.5) = — 17.4 tons. 

Head of train at D. 

z has the values 12 and 36; /. i?i = 26.83 tons, and 
2P^ 31.37 tons. Taking moments about/": 

{DF) = — 20.22 tons. 

By taking a section through df Df and DF^ the diagrams 
give: 

{Df) = + 46.00 tons. 

{fF) = - (30.00 + 4.5) = - 34.5 tons. 

Head of train at F, 

z has the values 12, 36, and 60 ; .'. -^1 = 33«89 tons, and 
2P=z 53.41 tons. Taking moments about hi 

{FH) = - 57.68 tons. 

By taking a section through /A, FA, and FH, the diag^rams 
give: 

(FA) = + 71.3 tons. 

{hH)z=z - (48.1 + 4.5) = — 52.6 tons. 
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Head of train at H, 

z has the values 12, 36, 60, and 84 ; .*. -^1 = 37.54 tons, 
and ^jP= 78.86 tons. Taking moments about /: 

{HL) = — 104.63 tons. 

By taking a section through ///, ///, and HL^ the diagrams 

give : 

(///) = + 99.6 tons. 

\lL) = - (70 + 4.5) = - 74.5 tons. . 

Head of train at L. 

z has the values 12, 36, 60, 84, and 108 ; .'. ^1 = 38.75 
tons, and 2P = 106.75 tons. Taking moments about ;/ • 

{LN) = — 178.7 tons. 

By taking a section through /;/, Z;/, and LN, the diagrams 

gfive: 

{Ln) = H- 124.5 toris. 

(///) = 4. 102.5 tons. 
Vert. comp. of (Z;/) = 98.00 tons. 

That portion of the stress in nN due to the stress in In 

is: 

102.5 X sin a = 8.52 tons. 

The compression in nN will be the reaction R^, added to 
the fixed load of one arm of this system and the vertical com- 
ponent of {fnn), 10.6 tons, determined for the other system. 
The moments M^ and J/3 must therefore be determined for 
this system. Eqs. (2) and (i) give : 

M^ = 105.3 foot-tons. 
-A/i = — 1 368.9 foot-tons. 

The general formulae of the preceding article then give : 

R^ = 1 12.7 tons. 
Rz= — 62.23 to"s. 
R^ = 0.8 tons. 
.". («A0=— (98.00+8.52— (y?8 + A'4) 4. 10.6+4.5)= — 183.05 tons. 
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As a check, with this position of load, the vertical com- 
ponent of {Lti) added to (In) x sin a and R^, should equal the 
total load on one arm, (. c, 5 x (18 4- il.l) tons. 

The results obtained give: 

98.00 + 8.52 + 38.7s = 145.27 tons. 
But, 5 X (18 + II. 1) = I4S-SO " 

The agreement is close. 

The shear, or vertical component, in inN') is 

— {^B + ^*) = 61.43 tons: .■. 

{nN') = + 6143 X sec nN'ti = + 7S.69 tons. 



Evidently : 



(ZiV) = {NJV'). 



This completes the determination of the greatest 
stresses; those in the chords remain to be found. 

As has been seen, the chord stresses at the centre, with t 
moving load on one arm, were found in connection ' 
the center web stresses, because the same diagrams | 
both. 

The reactions which are in general necessary to the ( 
termination of the chord stresses, arising from the appUe| 
tion of the moving load, are H^ and A',. Since the two 3 
in the present case are perfectly symmetrical, it will only t 
necessary to suppose a single weight, P, applied successivj 
to the different panel points of one arm. The weight ^=\ 
tons will be taken as applied to the arm /, ; consequent 
there will be no load on /j. 

For a single weight Eq. (5) gives: 



"(-7^)- 



,2(/ + /,) ( /'-^! 



4{/ + /,)'-/,'■ 



(6)-: 



Eq. (2), in connection with Eq. (8) of the preceding arti< 
gives : 



(7). 



ENDS SIMPLY SUPPORTED. 1 35 

The numerical values of —.)■ -,^ -r^ already determined, 

can be most conveniently used in the following operations. 
The system AcCeE^ etc., will first be taken. 

2 ( -71-^ j = 0.01 5 1 ; jj = 0.CO041. 

P- 18 tons. 
P X 2 (— tjH) = 0.2718 ; P -A = 0.00738. 



P at panel point C. 
xr = 24 ft. i?i = 13.50 tons. -^4 = 0.039 ^^^' 

P at panel poijit E. 
jsr = 48 ft. Rx = 9.25 tons. -^4 = 0.07 ton. 

P at panel point G, 
if = 72 ft. i?i = 5.52 tons. /?4 = 0.088 ton. 

P at panel point K. 
^ = 96 ft. -^1 = 2.5 s tons. ^4 = 0.084 ton. 

P at panel point M. 
jff = 120 ft. -^1 = 0.64s ton. ^4 = 0.053 ton. 

Only two decimals in all the values of -^1, except the last, 
have been retained ; however, if three had been retained, the 
sum of those values would give : 

2^j = 3 1 .468 tons. 
Also 2if4 = 0.334 " 

These agree well with the values already found by taking 
all the loads together. 






136 SWING BRIDGES. 

For the system AbBdD, etc., the following values are 
found : 

2 ( -72- ) = 0.01 79. ^ = 0.001 37. 

P X 2 (—72— ) = 0.3222. /* X 2^ = ao2466. 

P at panel point B. 
-s^ = 12 ft, y?i = 15.67 tons. i?4 = 0.053 ton. 

P at panel point D. 
^ = 36 ft. y?i = 1 1. 153 tons. i?4 = 0.148 ton. 

P at panel point F. 
^ = 60 ft. y?i = 7.05 tons. y?4 = 0.2 1 2 ton. 

/* at panel point H. 
^ = 84 ft. i?i = 3.652 tons. -^4 = 0.222 ton. 

P at panel point L. 
^ = 108 ft. Ri = 1.204 tons. -^4 = 0.159 ton. 

Taking the sums of the reactions : 

2R^ = 38.729 tons. 
2R,= 0.794 " 

These last also agree closely with the values found by 
taking the train on BL. 

These operations constitute good checks on the numerical 
work. 

The stresses for the loads on the system AcCeEy etc., will 
first be found. 

It will be assumed that the counters come into action when 
it is possible for them to do so. The counter bC will then be 
under stress for all moving loads, on this system, in the left 
span, while both bC and cE will be under stress for moving 
loads at and on the right of E. 
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Such an assumption, or some other one no better, must be 
made in order to avoid ambiguity. Such defects always 
accompany the existence of counters. 

The chord stresses for each panel load, P, will be found by 
the method of moments, and will be shown in detail. for one 
panel load only, as the operations are exactly alike for all. 

Let the panel moving load be taken at E, 

Rx = 9.25 tons. /. -^1 X 12=11 i.oo. 

\pc) = —p^ — = = — 10.61 tons. 

^ ' Cc x cos a 

[eg) = -J^—^ = — 10.37 tons. 

^^' Ee y^ cos a ^ ^' 

, -. —6^1 X 12 + 2 X 18 X 12 

Kgk) = —7^ = - 94 tons. 

^'^ ' Gg X cos a 

,, . — 8/?i X 12 +4 X 18 X 12 _ . 

(km) = — T>.T = — 0.9 tons. 

^ ^ Kk X cos oc 

, , — 10^1 X 12 4- 6 X 18 X 12 , ^ 

(mn) = —j,-^ = + 644 tons. 

^ ' Mm y^ cos a ^^ 

(ftN) = — {mn) j/« a = - 0.535 tons. 
{no) = (w«) cosa=z + 6.42 tons. 

{AC) = '^^ = + 5.55 tons. 

/^r^ 2^1 X 12 ^ ^ 

{CE) = — -^ = + 10.6 tons. 

.-.^ 6^1X12—2x18x12 ,^,/:^^„e 

{EG) = — ^ = +9-3" tons. 

8^1 X 12 —4 X 18 X 12 

{GK) = ^^ — ^^ = + 0.9 tons. 
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loRx X 12 — 6 X l8 X 12 

Mm 



= — 6.41 tons. 



(^iy):=(iyQ)=:(QQ0 = ^^^'4O4-mx8^i8x92^ 



Oo 



— 11.9 tons. 



By exactly the same method the stresses in the following 
tables are found : 





(be) 


(eg) 


(be) 


(eg) 


(gk) 


(km) 


(mn) 


P2XC 


-15.5 


-9-43 






- 4-34 


0.00 


+ 3-74 


FvilG 






-6.33 


-11.55 


— 16.00 


-364 


+ 7-00 


PzxK 






— 2.92 


- 5-34 


- 7-37 


— 9.10 


+ 4.36 


PztM 






-0.74 


- 1-35 


— 1.87 


-2.3 


- 2.68 





(AC) 


(CE) 


. (EG) 


(GK) 


(A-iT/) 


(Nn) 


(no) 


(^fO') 


/^at C 


+ 8.1 


+ 9-4 


+ 4.32 


0.00 


-372 


— 0.31 


4-3.73 


— 6.52 


FviiG 


+ 331 


+ 6.31 


+ 15.9 


+ 362 


-6.95 


— 0.58 


+ 6.98 


—14.86 


P^XK 


+ 1-53 


4-2.92 


+ 7-34 


+ 9.06 


-4-34 


— 0.36 


4-4-34 


-14.4 


PsiiM 


H-0.39 


+ 0.74 


+ 1.86 


4-2.29 


-f 2.67 


4- 0.22 


— 2.67 


- 8.93 



Since all the loads on the left arm produce the same kinds 
of stresses in the panels of the right, all of those loads may 
be taken as acting together in finding the stresses in the sys- 
tem A'c'Ce'E\ etc. The reaction (upward) at A' will then 
be ^Ri = 0.334 tons. 

By taking moments precisely as before, there will result : 



(c'b') = - 0.38 tons. 


(»V) = — 1.4 tons 


ic'g--) = - 0.70 " 


(A'C) = + 0.2 « 


(^'>fe') = - 0.96 " 


{CE) = + 0.38 " 



> t 
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{knf) = — 1.19 tons. {EG) = + 0.96 tons. 
(wV) = - 1.39 " (G'K) = + 1. 19 " 

(.V'») = + 0.116 " (A''J/') = + 1.38 " 

(J/'.V) = {.V'O) = - {00) = + 1.53 tons. 

The stresses in the system AbBdD, etc., are next to be 
found, and although the operations arc precisely the same as 
those shown in the other system, the expressions for the 
stresses caused by one panel load will be given in detail. 

As before, it will be assumed that the counter comes into 
action whenever possible. 

Let the panel load at B be taken. The following stresses 
will then be found : 

/jLv\ —^1X12 

(*« ) = 7^1-^'^ = — 943 tons. 

fjx-\ —3^1x12 + 2x18x12 z:^, 4. 

{af) = — ^- *■ = — 6.03 tons. 

^ -^ ^ Dei X cos it ^ 

f xi\ — 5^1 X 12-L4X i8x 12 

(///) =_^i _^ =-3.19 tons. 

^ fF X cos Lt 

tfi\ — 7^1 X i2-i-6x i8x 12 o^ 

(///) = — -—-7,, = — 0.78 tons. 

^ Hh X cos it 

,, , —oA*, X i2 + 8x i8x 12 o^ 

(In) = — -- - T-f - =4-1.28 tons. 

^ ' LI X cos a 

(AB) = ' , - = + 9.4 tons. 

/rir^ 3^1x12 — 2x18x12 - 

(BD) = ^—^ ^ . = + 6.01 tons. 

rTMT\ Si^iX 12 — 4x i8x 12 , .^ 

{DF) = ^—^ ^y = + 3.18 tons. 

,_-_ 7^1 X 12 — 6x i8x 12 

(FH) = ^— ^ .,. = -^ 0.78 tons. 
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tzTTx 0-/?iX 12 — 8x l8x 12 

{HL) = ^— i J- = — 1.27 tons. 

tTT.T\ /JiTliT'\ 11^1X12—10X18X12 

{LN) = {NN ) = —^ -^ = - 3.0s tons. 

The same method gives the following tables : 





m 


1 


(hi) 


{In) 


P&tD 


-18.31 


- 9.99 


- 2.8 


+ 3-29 


P&tF 


- 11.58 


-17.69 


- 6.18 


+ 3-68 


Fnxn 


— 6.00 


— 9.16 


— 11.83 


H- 1.36 


/'atZ 


- 1.9 


— 301 


- 3.88 


-4.64 





(AD) 


{DF) 


{FH) 


(HL) 


{LN') 


P2XD 


+ 6.69 


4- 9.88 


+ 2.79 


— 3.28 


- 8.54 


P^tF 


+ 4.26 


+•17.63 


H- 6.1*6 


- 3 v67 


— 12.18 


P^aH 


-i-2.igf 


+ 913 


+ II. 8 


-1-35 


- 12.74 


FzXL 


+ 0.72 


+ 300 


4- 3.87 


4- 4-63 


— 9.12 



For the stresses in the same system in the right arm, the 
panel moving loads at B^ Z>, /% //, and L will be taken as 
acting together. The reaction at A' will be -5'^4 = 0.794 
ton, and precisely the same method by moments gives the 
following results : 



W) = 

{AT) = 



- 1.3 tons. {A'^) = + 048 tons. 

- 1.99 " {D'F') = + 1.99 " 

- 2.57 « {F'ff') = + 2.56 " 

- 3.07 " (HT) = + 3.06 " 

{L'JV) = — («»') = + 3.s'tons. 



The chord stresses caused by the fixed weights alone still 
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ENDS SIAfPLY SUPPORTED, 



141 



remain to be determined. These stresses exist when the 
bridge is open, also when it is closed and unloaded. Conse- 
quently the counters do not sustain stress. 

The same method by moments will be used for the lower 
chord, but all the weights will be taken together. 

The system AcCeEy etc., will be taken first. 

Taking moments about (7, E, Gy AT, and M^ respectively, 
there will result, by taking w^— IV -h W = ii.i tons. 

. 

(^0= -4^= -4.57 tons. 

(EG) = ^ ^, ^ = - 43-50 tons. 

//^v\ 30^1X48 4- 4x96 

(KM) = — {no) = — ^—^ — = — 1084 tons. 

The upper chord stresses are determined by simply divid- 
ing the lower hy cos a^ or multiplying them hy sec a. This 
method might have been followed in finding all the upper 
chord stresses. Hence : 

(ce) = ^AQ = 4. 4.57 tons. 
cos a 



{eg) = ^ * = + 20x0 tons. 



cos a 



U^) = ^^^ = ^ 4370 tons. 



cos a 



(km) = -^^-' = + 737 ton:^. 
^ ^ cos a '^' 



(««) 
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Also, — (*««) Hn a = {NtC) = — 9.04 tons. 

Hence, by taking moments about Oi 



{MM') = 



-K) = 



i + 4 X 140 — 9.04 > 
Oo = 30 



— 142.07 tons. 

The expression for (MO) given on page 29 will now be 
easily understood by taking into consideration the values 
given above Cor (JVn) and {JV'tt'). 

The chord stresses induced by the fixed load in the system 
AbBdD, etc., are found in exactly the same manner ; conse> | 
quently the expressions for the moments will not be givetui 
The following are the stresses: 

{BD) = — 12.1 tons. {{//) = + 12.1 tons. 

{DF) = - 33.3 " (/A) = + 334 " 

(FH) ^ - 61.5 " (/;/) = + 61.7 '■ 

(/^i)=- 95.14 '■ (/«)= +95.5 " 

{LL') = - (;/«') = - 133.2 tons. 

Out of all these results the greatest chord stresses are to b£ 1 
found. The operation is a very simple one : it consists simply' | 
in inspecting the previous results and taking the algebraic j 
sum, for any one panel, of the fixed load stress and all the j 
stresses of the same or opposite kind caused by the moving 1 
load. It should be remembered that no calculations for 
moving pane! loads on the right arm are needed, since the 
truss is symmetrical in reference to the center. If the truss 
were unsymmetrical, such calculations would be necessary. 
The greatest tensile stress in w«, for example, is found with 
moving panel loads at C, E, G, K, B, D, F, and H, and its 
value is : 

8 + 3.29 + 3.6S + 1.36 + 108.8 1 
+ 95-S - + 235-4S tons. 



6.44 + 3.74 + 7.00 + 4.36 -\ 
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The preceding results show that the only tendency to com- 
pressive stress in tnn is caused by the moving loads at L and 
M^ and those on the right arm. The combined effect of such 
loads is: 

(;««) + (/«) + {nin) + (/V) = — (2.68 + 4.64 + 1.39 + 3.07)= 

— 11.78 tons. 

As this is less than 108.8 + 95.5 = 204.3 tons, the fixed 
load tensile stress (w/;i), can never be changed to compression. 

Again, the fixed load only causes tensile stress in r/*, and 
its amount is : 

20.00 + 1 2. 1 = 32.1 tons. 

The tendency to compressive stress by the moving load is: 

- (943 + 19.37 + 11.55 + S-34 + 1.35 + 6.03 4- 18.31 + 11.58 

+ 6.00 + 1.9 + 0.70 + 1.3) = — 92.86 tons. 



Hence, 



3.21 — 92.86 = — 60.76 tons 



is the greatest compressive stress in ef. 

These operations are sufficient to show the simple methods 
of combination in all cases. Such methods give the following 
greatest chord stresses : 



ipc) = 




— 85.00 tons. 


{cd) = + 4.57 1 


tons; 


- 86.21 " 


[dc) — + 16.67 


it . 


- 82.26 " 


{ef) = + 32.10 


<( 


— 60.76 " 


{fg) = + 53.40 


<< . 


-39.37 " 


{gk) = + 77.10 


ti 


- 7.87 " 


(Ai) = + 105.40 


a 




(*/) = + 135.40 


a 




(/m) = 4- 178.81 


u 




(mn) = + 235.45 


it 




(no) = + 263.07 


It 




loo") = + 275.27 


it 





. • .^ v •» ■ . ■ . 
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(AB) 



4.57 tons; + 38.25 tons. 



(BC) = - 16.67 " ; + 22.;6 

iCB) = - 32.00 " ; + 18.70 

{DE) = — 53.20 " ; + 21.96 

(EF) ^ - 76.80 " ; + 7-;S 

{FG} = - 105.00 " 

(C/^) = - 134.93 " 

(//A')- - 178-13 " 

{KL) = - 234.53 " 

(LM) = - 308.65 " 

(MN) = - 365.64 " 

(NO) =-433.17 " 

{00-) =- 479-81 " 
The portions c/t of the upper, and AF of the lower chord 
must be counterbraced ; also corresponding portions in th^__ 
right span. 

These chord stresses are obtained, as has been seen, byj 
treating each panel weight in each system separately; then 
is consequently involved the condition that the membet 
Nn', N'n, Oo', and oO' are subjected to stress when th^ 
moving load covers the whole bridge from end to end, SucI 
stresses may or may not exist, in reality, since the shear 1 
be zero at the center in either case, consequently no litt 
ambiguity arises in regard to the centre chord stresses {iio)fk 
{00), {NO), and {OOy This will be at once apparent if thrf 
center diagonals, named above, be omitted, and if the choro 
stresses be found on that supposition, the moving load beii^ 
taken over the whole brid] 

For the system AcCcE, etc., ^, — 31.468 + 0.334= SI^'J 
tons; {Nn) = — 1.785 + 0.34 = — I.445 tons. 
Taking moments about M\ 

- {KM) = (») ^ -•^■'' "" + '''< """^ - 



mM 



■ 17.4 tons. 



Taking moments about O: 
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Again, for the system AbBdD^ etc., ^1 = 38.729 + 0.794 = 
39.52 tons. Taking moments about N\ 

iT Tt\ i '\ 5 X z£/ X 90 — ^1 X 132 
— (ZZO = (»«) = ^ ^, * ^_ = -f 42.10 tons. 

These are moving load stresses, and by combining them 
ivith the fixed load stresses, as already given, there will result : 

{no) = 133.2 + 108.4 + 42.10 + 17.4 = + 301.10 tons. 
(po') = 133.2 + 142.07 + 42.10 -h 55-21 = + 372.58 „ 

(J/J/') = - 372.58 tons. 

Now, if the moving load be taken oz'cr the whole of both 
arms, the preceding results, by single weights, give : 

(jio) =. + 252.00 tons ; {00) = + 265.21 tons; {XO) = — 421.64 

tons; and (00')= —479.81 tons. 

Thus the differences between the results of the two methods 
are seen to be very great. 

The amounts of these differences are the horizontal com- 
ponents of the greatest stresses in the center diagonals. 

This ambiguity also exists for any even number of equal 
weights symmetrically located in reference to the center. 

Omitting the center diagonals for a symmetrical load over 
both arms is simply equivalent to omitting the negative 
reactions for that load, and it certainly seems reasonable to 
do so. 

Some of the greatest chord stresses are caused by positions 
of loading which are not likely to occur often, but they are 
possible, and should be guarded against. The following ex- 
amples illustrate this matter. 

For {HK) = — 178.13 tons, moving loads are found only at 
ByD,FydiViAH\ and the same is true for (bn)= -I- 178.81 
tons. 

For {NO) = —423.17 tons, the moving load must cover the 
whole of the left arm, and be found also at the points //', I)\ 
Fy If^ IJ in the right ; while for iyio) moving loads arc taken 
at C E, G, and K only. 
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The advisability of finding the chord stresses by single 
weights may now be appreciated, though it could have been 
anticipated that the moving load on the whole bridge would 
cause the greatest compression in the upper chord and ten- 
sion in the lower, near the extremities. 

Collecting and arranging the greatest web stresses: 



(<:£) = + 2.4 tons. 


(bD) = + 16.4 tons. 


\bC) = + 29.00 ■" 


(M) = + 24.6 ■' 


{Ab) = -. 7S.S0 " 


(*S) =- 4-5 ■■ 


(Ac) = + 6.0S " 


(.0 =- 8.3 ■• 


(Bd) = + 2. .30 ■' 


(JD) =- 17.4 " 


(&) = + 29.70 " 


(,£) =- 234 ■■ 


(Df) = + 46-00 " 


i/F) =- 34.S '■ 


(Eg) = + 56.00 " 


(SG) = - 41-9 " 


(«) = + 71.3 " 


{iff) =- 52.6 " 


(Gk) = + 83.0 " 


(iK) =- 62.3 " 


(«) = + 99.6 " 


(/i) =- 74-S " 


i./C«.) = + 109.2 " 


(,„M)=- 83.3 •• 


(ix) = + 124.5 " 


(nN) = - 183.1 " 


(Mc) = + 129.S " 


(oO) = - 332.0 " 


(.C) = + 227.7 " 


(»Af) = + 78.69 " 



The vertical ^B is the only web member which must be 
counterbraced. 

Reviewing the whole work, perhaps the most striking points 
are the large negative reactions at the center when the mov- 
ing load covers one arm only. 

It has been seen that a small distance between the points 
of support at the center, for any system, causes very large 
negative reactions. Hence, to make those reactions as small 
as possible, that distance should be as great as possible. 

These negative reactions may be so great as to require 
special weights to be used at the center to Ao/d down the* 
points of support. At O' or 0, for instance, the negative re- 
action may be 220.4 — 0.12 = 220.28 tons, and this will exist 
with no moving load on one arm, consequently it must be 
balanced by the fixed weight of the system AcCeE, etc., 
and a portion of the weight at the turn-table. 
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Deducting that portion of the fixed weight which passes 
down Nn^ or N' n\ the downward pressure at O or 0\ due to 
the fixed load, is : 

6 X I I.I + 4.00 — 9.04 = 61.56 tons. 

An extra weight, therefore, of 220.28 — 61.56 = 158.72 tons 
^'^1 be required at the turn-table at each of the points O 
and O. 

This shows in a marked manner at least one of the dis- 
advantages of such a system of construction. 

^he other defect is the great ambiguity shown to exist in 
t"^ chord stresses at the center. 

C>ji the other hand, the bridge needs no latching down or 
"*^ing up at the ends, for they can never rise. 

"Precisely the same principles and conditions of loading hold 
^"^^, in this case, with only one system, or more than two 
^^^ems of triangulation. 

^^"^ 37. — Bnds Simply Supported — ^Four Points of Snpport at Center — 

Partial Continuity — ^Example. 



number of very satisfactory swing bridges have been 

'^ i It with what maybe called "partial continuity." These 

^^sses have two points of support at the center for each 

^^tem of triangulation, but the main central diagonals fiN\ 

*«', oO\ and Oo are omitted. Light diagonals are, however, 

I^^t in the place of those members, for the sole purpose of 

^^adying the bridge while open ; they are not supposed to 

effect the continuity or non-continuity of the truss. 

The effect of this arrangement is assumed to make either 
^tm of the bridge a simple truss supported at each end, for 
^\1 moving loads on that arm, so long as the other arm carries 
'•o moving load. 

As before, it is supposed that the span I2, included between 
the central points of support, sustains no load. 

If the moving load partially covers both arms, or the whole 
of one arm and a part of the other, it is to be divided into 
three parts. Two of these parts, together with the reactions 



»■_ 
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Rx and V?4 due to them, produce equal and opposite momenta 
at the center. For these two parts, consequently, the truss is 
one of perfect continuity, with the main diagonals at the 
center omitted. This last condition is admissible, because for 
these two parts the shear at the center will be zero. 

For convenience these two parts will be called "balanced" 
while the third part will be calkd " unbalanced." 

For the unbalanced part, the arm or span in which it is 
found will be a simple truss supported at each end. 

If the panel loads are uniform in amount, balanced loads 
will be symmetrically placed in reference to the center. 

If the panel loads are not uniform in amount, the balanced 
portions would be determined by equating J/j to J/j, with the 
aid of Eqs. {3) and (4) of Art. 35. 

Coupling these statements with the principles deduced in 
the preceding articles, it will at once be seen that the greatest 
reaction R^ at /i. Fig. i, PI. X, will exist with the moving 
load over the whole of the left arm. for any moving load on 
the right arm will balance a part of that on the left, and re- 
lieve, to some extent, the reaction at A. 

Resuming, for the counters, the general formula of the 
previous article : 

j=^,-h(H'+ W)-n'w, 

it is now seen that any counter will sustain its greatest stress 
when the moving had extends from tite center to its foot ; for 
A'l has its greatest possible value with the load over the whole 
of the arm, but «' must be zero. 

The panel point at which the counters are to begin is found, 
as before, by the equation : 



In this case R^ is found by the simple principle of the lever. 

It results, from what has already been stated, that the 
greatest possible shear, S, immediately adjacent to, and out- 
side of, the middle supports, will occur when both arms ; 
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loaded over their entire lengths with balanced moving loads. 
Hence, in the equation 

{S — n'w) will have its greatest value for any main web mem- 
ber when n' = o, i. r., when the moving load cxtaids from the 
extremity of the arm in which it is found to the web member in 
question^ at the same time being balanced by moving load o?i the 
other arm. 

It is to be remembered that verticals in compression will 
sustain their greatest stresses at the same time with the 
diagonal tension members which cut their upper extremities, 
if the moving load traverses the lower chord. 

As one arm of the bridge is a simple truss supported at 
each end, for the unbalanced loads on it, it is evident that the 
greatest compression in the upper cliord and tension in the lower 
will exist y near the ends^ for the moving load over the wliole of 
one arm. 

Since moving loads on both arms at the same time balance 
each other, it results tluit the greatest tension in the upper chord 
and compression in the lower, at the centre, will exist luith the 
moving load over the whole of both arms. 

This is true for the centre only. For other panels adjacent 
to the centre, it zvill be 7iccessary to take single-balanced panel 
moving weights, and find for each, all panels in which the stress 
is of the same kind as that caused by the fixed load alone, and 
the amount of that stress in those panels. 

This operation is precisely the same as that used in the 
preceding Article, and the results there obtained will be used 
in this, since, as will be seen, the data are to be exactly the 
same. 

Having obtained the results for each pair of balanced 
weights, they are to be combined in the manner already 
shown. 

The greatest compression in the lower chord and tension 
in the upper, near the endfi, however, will exist with the bridge 
open or closed and subjected to its own weight only. 
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From these results the greatest chord stresses are to be 
found. 

The example may now be proceeded with. 

The truss and its loading will be the same as were taken in 
the preceding Article, and the data there used are here repro- 
duced. 

Panel length = ^45 = ^C" = , etc., =/= 12 feet. 



NO = 00' 


= OW = 8 feet. 


AA' = 22 X 


12 + 3 X 8 = 288 feet. 


Bb = 20 feet. Hk = 26 feet 


Cc =21 


Kt =27 " 


Dd =22 


U =28 " 


E, =23 


" Mm = 29 " 


Ff =24 


Nti = 30 " 


Gg =25 


Oa =30 " 


fixed weigh 


t = 1850 pounds per panel. 



Upper chord panel fixed weight = W = 4.5 tons. 
Lower " " " " — W'= 6.6 " 

Uniform panel moving load =. w = \% " 

The verticals are compression members, and the diagonal 
tension members, except the end posts Alt and A'i'. Tlu 
moving load traverses the lower chord. 



E Fa IT W X »*■ " ** ^ •* »f Z:' TT' R- l9' J^' K'' n' C* H" 
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With the main central diagonals omitted, the truss will 
present the appearance shown in the figure above. 
The stresses in the counter braces will first be found. 
As before, a fixed panel weight of 4 tons will be taken at At I 
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By way of \-aricty a-3 ihc Er^dfr-i-i Teb sness^s irill be found 
by the method of momcntf^ 

Each svstem of tnasirulat::-:: r:av be s-:- cfviic-i through 
any inclined web member that :t ar.i cr.e parcel :•: each chord 
will be severed. Bv the orncir'.e^ of An. 17. there: :re, the 
origin of moments for any :ncl:r:ei web stress m-ill be at the 
intersection of the chords pr^lcr.^f± 

Let this point of intersect: or. be cal'ed :: then will 

sB = -^ =r; y -fi.^ = — = 240 feet. 

The following values may at once be written : 

iA = 22S feet. 
r5 = 240 •• 
iC = 252 " 
tD = 264 •* 
i£ = 276 '* 
iF = 2S8 '* 

f//^ = 312 *' 

iK — 324 ** 

iL = 336 '' 

fJ/=348 - 
lA' = 360 



« 



It will presently be shown that the same three counters, 
bC^ bD^ cEy which were found neccssar>' in the preceding 
Article, are the only ones needed in this truss, or rather in 
the left arm of it. 

The lever arms of the inclined web stresses will be the 
normal distances from / to the web members prolonged. 
Let /j be the normal distance from i to cE prolonged. 
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Let /i be the normal distance from t to Bd 


prolonged, 


1 


A. 








•• Ce 
" Mo 


.'. 


1 T.„ 


there will result the following values 


for the lever 


^K anns: 














m. 




'. 


= iE 


X sitt CEc 


= 182 feet. 




■- 




I, 


= iD 


X sm BDb 


= 169.0 " 




■ 




I, 


= iC 


X sm BCb 


= 216.0 " 




■ 




/, 


= iA 


X sin cCA 


= 150.3 " 




H 




4 


= w 


X sin dBD 


= 162.2 " 




■ 




/, 


= iC 


X sineCE 


= 174.4 " 


' 


H 




A 


= iD 


X «„/Z)i^ 


= 186.6 " 




■ 




/. 


= iE 


X singEG 


= 199.0 •• 




■ 




4 


= iF 


X JI« /(«f 


= 211.7 ■' 


I 


■' 




/,. 


= iG 


X sin kGK 


= 224.2 " 




■ 




'u 


= iH 


xsinlHL 


= 237.0 " 




IP 




4 


= iK 


xsi„mK^I=^.% •• 








',. 


= iL 


X sin nLN 


= 262.4 " 








/u 


= iAr 


yisinoMO 


= 289.5 " 





The stresses in the counters may now be determined, and 
for that purpose, as in the preceding Article, z will denote 
the distance from A to any panel point. 

The same signification will be attached to s in the deter- 
mination of all the web stresses, but in the right span it will 
be measured from A'. 

The general expression for the reaction at the end of either 
arm, for unbalanced loads in that arm, is, by the law of the 
fever : 



in which Pis ^^ panel moving load. 

Let the counters in the system AcCeE, etc., be first con- 
sidered. 
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With the head of the train at Gy j will have the \~alues 72, 
96, and 120 feet. Hence, 

Rx = 16.98 tons. 

Since the fixed load at the points J, C, and £ is 4 -f 1 1.1 + 
11.1= 26.2 tons, J = o for the point E. 

With the head of the train at £y z will have the values 48, 
72, 96, and 120 feet. Hence, 

^1 = 28.81 tons. 

The fixed load at the points .-1 and C is 4+ 1 i.i = 15.1 tons, 
consequently s=Rx — n{]y^ I[') = o at £", and cE is the 
first counter needed. 

Dividing the system under consideration through the mem- 
bers cCy Ccy CEy ^viA talcing moments about /, the point of 
intersection of the chords : 

. T^ (^1 — 4) X 228 — I I.I X 252 

{cE) = ^-^ — > — = + 15.7 tons. 

Laying off, therefore, from c on cE, by any convenient 
scale, 15.7 tons, and drawing from the point thus found a line 
parallel to ce until it cuts cCy it will be found that the distance 
from the point of intersection to c represents by the same 
scale 1 1.5 tons. Hence, 

(cC) = — (i 1.5 -f 4.5) = — 16.0 tons. 

With the head of the train at CyZ has the values 24, 48, 72, 
96, and 120 feet. Hence, 

^\ = 4372 tons. 
Dividing bc^ bC, and BC^ and taking moments about i : 

(bC) = — ^ -. = + 41.9 tons. 

*8 
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Proceeding in precisely the same manner for the system 
AbBdD, etc., it is found that bD is the first counter required. 
With the head of the train, therefore, at D, s will have the 
values 36, 60, 84, and 108 feet. Hence: 

A'l = 32.74 tons. 

Cutting bd, bD, and BD, and taking moments about 1, there 
will result ; 



(bD)-- 



bB is the only vertical which will be subjected to tensioi 
and it will receive its greatest stress when the head of t 
train is at B. The value of that stress is : 

{bB) = 18.00 + 6.6= iV' + w= + 24.6 tons. 

In the determination of the main web stresses the moving 
panel loads on one arm will be balanced by equal loads sym- 
metrically placed on the other; the reactions required, there- 
fore, may be taken from those already determined in the pre- 
ceding Article on pages 135 and 136. 

In the system AcCeE, etc., the member Ac will only be 
subjected to stress when the bridge is open, and the stress 
will be caused by the fixed load only. From the preceding 
Article there may then be taken, both for Ac and cC: 

{Ac) = -I- 6.08 tons. 

{cC) = - 8.3 " 

It is seen therefore that cC will sustain its greatest stress in 
connection with the counter cE. 



Main web member Ce. 

It has been shown under what condition of loading any 

nain web member receives its greatest stress. The condition 
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for Ce is a balanced moving load at C or, in other words, 
equal moving loads at C and C. The preceding Article, 
page 135, then gives: 

-^1 = 13-50 + 0.039 = 13-539 tons. 

Taking moments about /: 

,^ . — (^, — 4) X 228 + 29.1 X f C . ^ ^ ^ 
(6>) = — ^— ^ — -^^ ^ = + 29.6 tons. 

The method of finding the stresses in the vertical members 
will be shown in connection with the other system. 

Main web number Eg, 

This requires balanced moving loads at C and £, or equal 
moving loads at C, E^ C \ and E\ The preceding Article, page 
I35f then gives: 

^1 = 13-50 + 9.25 + 0.039 + 0.07 = 22.859 tons. 

Taking moments about i : 



/ XT \ — (-^1 — 4) X 228 + 2 X 29.1 X tD , ^^ c 
(Eg) = — 5^-i — ^ ^ = + 55.6 

*8 



tons. 



Main web member Km. 

This member requires balanced loads at C, Ey G, and K. 
In the same manner as before : 

^1 = 22.859 + 5-52 + 2.55 + 0.088 + 0.084 = 31-101 tons. 
Taking moments about 1 : 

iLT \ — (-^i — 4) X 228 + 4 X 2Q.I X /F . .^ /- . 
\Km) = — ^— = — ^^ — 2 = + 109.0 tons. 

It is unnecessary to find the other stresses in this system, us 
the method is exactly the same for all. 
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In the system AbBdDy etc., the member bB is compressed ' 
by the fixed weight at its upper extremity only, when the ' 
bridge is open or simply closed. 

Hence : 

{bB) = — 4-5 tons. 



3Iai» tvfi member Bd. 
A balanced moving load at B is required, or equal moving 
loads at B and B'. 

Page 136 of the preceding Article gives: 

J?, — 15.67 + 0.053 = 15723 tons. 

Taking moments about / : 

- R^ X 228 + 39.1 X JB 



lBd) = 



k 



+ 20.96 tons. 



Main ivcb member Df. 
Balanced moving loads at B and D give, by page 136 of 
the preceding Article : 

R^ ~ 15723 + 11.153 + 0.148 = 27.024 tons. 
Taking moments about i: 

I r,^\ — ^1 X 228 + 2 X 2Q.I X iC . , , , 

(/)/) = i ^ 2 = + 45.6 tons. 



It is unnecessary to find the stresses in any other inclined 
web member. The process is exactly the same for all. The 
reaction Rx is first found, and then moments are taken about (. 

The stresses in the verticals are readily determined when 
those in the diagonals are known. The method is that used 
in the preceding Article, and also for the stress in cCin con- 
nection with that in cE. 



Thc figure below is the one used is £ciir:^ the vertical 
stresses of the s)-5tem AaBdD, etc 



M 

AO is drawn horizontally, and by scale, to represent 24 
feet or two panel lengths. 

FQ is vertical, and passes through O. OL represents in 
length Dd\ OK,Ff; OH, Hh; OG, LI, and OF, Nti, or lo 
feet. The lines drawn from A through /., K, H, G, !•' are 
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then parallel to the inclined web members, the greatest \ 
stresses in which are already known. These known stresses 
are next laid off on the radial lines through A, from L, K, H, 
G, and F, and through their extremities are drawn lines ' 
parallel to the upper chord until they cut the vertical through 
0. On this last line are found the stresses desired. 

As examples; 

LC = (Btf) = 20.96 tons. CM is parallel to the upperchord. 
LM, by the same scale (ten tons per inch in this case), repre- 
sents 12.8 tons. 

Hence : 

{dD)=- (12.8 + 4.5) = - 17.3 tons. 

KB (twenty tons per inch) = {Df) = 45.6 tons. SM is 
parallel to the upper chord, and KM represents 29.6 tons. 
Hence: 

{fF) = - (29.6 + 4.5) =.- 34.1 tons. 

HR = {Fh) = 71.9 tons {twenty tons per inch). HJVis par- 
allel to the upper chord, and HN represents 48.6 tons. 
Hence : 

{/iH) = -(48.6 + 4.5) = - 53-1 tons. 

The figure gives the others in the same manner. £Q is 
perpendicular to QF, because FE is the stress in Ln. 

A portion of the stress in nN is indirect, and due to the 
stress in mn, as has been noticed before. It will presently be 
shown that the stress in t»n, with the moving load over both 
arms, is : • 

(wff) = + 223.54 tons. 

Denoting the inclination of t»n to a horizontal line by a, 
the indirect stress in nN^ is : 

(ma) X sta a = 18.58 tons. 

The diagram above gives the vertical component of (Lm) 
as 98.1 tons. 



EXDS SIMPLY Sl'FFCKTED. 



J 59 



Hence : 

(nX) = - (98.1 -^ 4.5 + 18.5S) = — 121. 18 tons. 

The greatest stress in .-i* occurs when the reaction at A is 
the greatest ; and that reaction will always be the greatest 
when the moving load covers one arm only. 

With this condition of the loading : 



^1 = 43.72 -r 49.1 = 92.82 tons. 



Hence : 



(Ab) = — (^1 — 4) X sec AbB = — 103.62 tons. 
Finally, collecting and arranging : 



{cE) = + 15.7 


tons. 


(*Z?) = + 


28.4 


(bC) = + 41.9 


«i 


(dB) = ^ 


24.6 


(Ab) = - 103.62 


i< 


(*/?) =- 


4-5 


(Ac) = + 6.08 


4< 


(cC) =- 


16.0 


(Bd) = + 20.96 


a 


(^Z?) =- 


>7-3 


(Cc) = + 29.6 


(i 


(f£> =- 


23-3 


(Df) = + 45.6 


« 


</F) =- 


34-1 


{Eg) = + 55.6 


«< 


{gG) =- 


42.0 


(FA) = + 71.9 


<i 


(////) = - 


531 


(GJt) = + 82.6 


<i 


ikK) = - 


61.0 


(///) = + 98.8 


« 


(IL) = - 


74.0 


(A7«)= + 109.6 


« 


(m.V) = - 


83-5 


(Ln) = + 125.35 


« 


(«-V) = - 


121. 18 


(Jkfo) = + 128.9 


« 


(oO) =- 


I12.1 



tons. 



As has been observed, the detailed expressions for all these 
stresses are not given. 

Of all the web members the vertical bB alone must be 
counterbraced. 

The greatest stresses in Xn and Oo, added to the total cor- 
responding reaction at ./, ought to equal the total fixed and 
moving load on the left arm, or indeed on the right. 
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Total i?i + {Nn) + {06) = 39.52 + 31.8 + 112.1 + I2i,i8 
y = 304.6 tons. 

The fixed and moving load for one arm is : 

10 X 29.1 +4 + 2 X 4.5 = 304.0 tons. 

The agreement is close. 

The chord stresses due to the fixed load are precisely the 
same as those found in the preceding Article, and the values 
there given will be taken without recalculation. 

Denoting the inclination of the upper chord to a horizontal 
line by or, there will be found : 

seca=. 1.0035. 

The compression in the upper, and tension in the lower 
chord, near the end of the arm will first be found. It will 
then be necessary to cover the whole of the arm with the 
moving load. 

System AcCeE, etc. 

i?f = 43.72 tons ; ^1 — 4 = 39.72 tons. 

(/?! — 4) X 12 = 476.64. ^ 

{W+ W + w) X 12 X 2 = 29.1 X 12 X 2 = 698.4. 

The counter cE comes into action. 
Taking moments about 6 : 

(AC) = (^1-4) X 12 ^ ^ 23.83 tons. 
^ ' 20 

Taking moments about c : 

//-r?\ (^1 — 4) X 12 X 2 . , ^ . 
(CE) = '—^ ^^ = + 45.39 tons. 

(dc) = — {CE) X sec a = — 45.55 tons. 



Taking moments ab^ut E : 

(^^ = ^^ • s^: .1 = 

— 52.71 tons. 
Taking moments about ^: 

(EG) = <^i"-4^ » 12 . 6-2 ^ 2>i ^ 12 ■ 3 ^ 

25 

- 50.59 tons* 
(^; = — iEG} X j<va = — 33.7 ton5. 

Taking moments at>=ut ki 

(GIC) = ^^i - 4* "^ 12 X g ~ 3 y 2>I X 12 X 4 

27 

The numerator of this expression is negative, showing that 
GIC is subjected to compression. No other chord stresses in 
this system are therefore needed. 

Svsitm AbEdD. etc. 

^1=49.1 tons: .-?: • 12=589.2. 
(Jr+ W -^ a) X 12 X 2 = 29.1 X 12 X 2 = 6984. 

The counter bD comes into action. 
Taking moments about b : 

(AD) = ^' " '^ = -r 2946 tons. 
20 

liking moments about D : 

^x,^\ 3 X ^, X 12 — 29.1 X 12 X 2 o — -. 

(d/) = — ^ ^ X srca=z —48.77 tons. 

Taking moments about /: 

/ni7\ -^1X5 ^ 12 — 2 X 29.1 X 12 X 3 , ^^ , ^ 

{DF) = — * — ^ ;^- — ^ ^ = 4- 35-45 tons. 

24 

(/4) = — {DF) X seca=z — 35.57 tons. 



.. ■■-:.• 
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Taking moments about // : 

^, X 7 X 12 - 3 X 20.I X 12 > 



{FH) = 



{It')' 



26 



: + 2.54 tons. 




This shows that {FH) is compression, consequently no 
other chord stresses in this system are needed. 

That the counters come into action in this case is shown by 
the reactions at A. 

There remain only to be found the tension in the upper 
chord and compression in the lower, at and near the center. 
In this case the moving load is to cover the whole bridge, fo^ 
the stresses (w'), (MN), {NO), and {00') only, and these will 
first be found. 

The reaction for all balanced moving loads may be taken 
directly from the preceding Article, remembering that in this 
case the reaction R, at A, will be : 

R = Ri+ R,. 

System AcCeE, etc., with moving toad over the zuhoU of both 

R= 2R^ + i"j?< - 31.8 tons {see page 1^5). 



/? — 4 = 27.8 tons ; 
iW+ W'+w) X 12 : 



{R-4) ^ 12 = 333.6- 
= 29.1 X 12 X 2= 6984. 



On account of the indirect stress in Nn it will first be neces- 
sary to find {mn). Taking moments about m: 



(««) = 



{R~4) X 10 > 



{mn) X sin a = indirect stress in Nn - 



+ 126.24 tons. 
10.49 tons. 
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Finally, taking moments about o : 

(i/0 = ((?(?') =-(!»') = 

(^ - 4) X 140 + 1040 X 8 — 5 X 2ai ' 68 

'- ^ ^^ ^ ^ =- 197.27 tons. 

System AbBdDy etc, u*iih moving load ozrr the whoU of both 
arm. 

R = 2Ri + 2R^ = 39-52 tons (sec page 136). 

^1 X 12 = 47424. 

Taking moments about n : 
{LN)= (NN') ^. {- hh) = 

-^ X 12 X II — 5 X 2Q-I X 12 X 6 

— — = - 175-31 tons. 

Hence : 

Resultant (00) = 197.27 + 175.31 = + 372.58 tons. 

The value + 175.31 tons of {nn!) will be used in finding 
(*^), since it is the centre stress for tl^e system AbBdD, etc. 

As was to be expected, the results of the preceding Article 
show that a balanced weight at M causes compression in mn 
^d «; ; all bther balanced weights in the same system, how- 
^er, cause tension in those parts. With moving panel 
^eights at C, E, G, and K\ 

2R^ = 0.039 +0.07 + 0.088 + ao84 = 0.281. 

Hence, for that loading : 

281 . o^ 

no =^ X 1.4= — f. 18 tons. 

334 
Finally, the resultant stress : 

{no) = 3.73 + 642 + 6.98 + 4.34 - 1. 18 -f 175-31 "♦" 1084 = 

+ 304.00 tons. 
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The results of the preceding Article show that only the bal- 
anced moving loads extending from B to K, inclusive, pro- 
duce tension in mn. With the balanced moving loads at B, 
D, Fy and H\ 

2R^ = 0.053 + 0-148 + 0.212 -h 0.222 = 0.635 tons. 
Hence, for that loading : 

{l'n')= ^- X 3.07 = — 2.46 tons. 

^ ^ 794 "^ ^ 

The resultant stress is then : 

{mn) = 3.73 + 6.44 + 6.98 + 4.34 + 1.28 + 3.29 + 3.68 + 1.36 

— 1. 18 — 2.46 + 108.8 + 95.5 = + 231.76 tons. 

Balanced moving loads at By Dy F, and //, are the only ones 
causing tension in Im. Again, for that loading : 

(/'»') = ^ X 3.07 = — 2.46 tons. 

Hence, the resultant stress : 

(Im) = 1.28 + 3.29 + 3.68 + 1.36 — 2.46 + 73.7 + 95.5 = 

4- 176.35 tons. 

The moving loads cause no farther tension in the upper 
chord, and the remaining upper chord tensions are taken from 
those caused by the fixed load alone. 

The lower chord stresses are found by precisely the same 
method, with the same conditions of loading; or by multi- 
plying the corresponding upper chord stresses by cos a. 

Thus : 

{KL) = — {mn) x cos a^ — 230.95 tons ; 
{HK) = — (Im) X cos a= — 175.73 tons; 

cos a having the value 0.9965. 



I \ \ - 
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The main web stresses,* with the exception of those at 
the centre, arc nearly the same in the two cases. This result, 
also, was to be expected, since the values of R^ in the preced- 
ing Article were so small. \i R^ were large, the difference be- 
tween the results of the two cases would be large also; for 
then the reactions at A, with the same amount of fixed load 
' on the left arm, would be very different, and the moments 
I by which the web stresses are determined would be corre- 
I spondingly different. 

The end post Ab sustains the greatest stress with partial 
continuity. The most marked difference, however, is to be 
I found with the stresses {oO) and {nN). With perfect continu- 
ity, the stress {oO) is nearly three times as great as with par- 
* tial, while («jV) is about once and a half as great. 

The chord stresses at the centre are alike or different in 
the two cases, according to the method by which they are 
determined, in that of perfect continuity. This results from 
the ambiguity in the latter case, already pointed out. 

As was to be expected, more counterbracing In the chords, 
and to a greater degree, is found with partial continuity than 
with perfect. Many of. the remaining chord stresses are the 
same in the two trusses, while none of them present great 
differences. 

With partial continuity, therefore, great stresses (chord and 
web), ambiguity and negative reactions are avoided at the 
centre ; while, on the other hand, somewhat greater stresses 
are found near the ends. 

At the same time there arises the question, does the assump- 
tion made at the beginning of the Article, in reference to un- 
balanced loads, hold strictly true? In other words, can an 
arm of the bridge be strictly considered a simple truss sup- 
ported at each end, for unbalanced moving loads, while other, 
but balanced moving loads, rest on the bridge? 

Such an assumption is probably not exactly true, for any 



* In comparing results, i 
web slrEsses, to Ihe ei 



, irre^^ularitics in some of Ihe duin 
ivill be noticed; these ue 



in the di^nmis nsed in the preceding Article. 
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unbalanced load will change the inclination of the truss at the 
centre, and cause, consequently, somewhat of a disturbance 
in the "balance " of the other loads. This disturbance can 
probably never be great with the ordinary proportions be- 
tween the centre and end spans of draw-bridges. It can 
Lonly be said with certainty, however, thus far, that a number 
f tai^e and very satisfactory swing bridges have been built 
on this system. 

No locomotive excess has been taken, but precisely the 

lame conditions of loading for the greatest stresses must be 

ssumed if the train is headed with such an excess. When 

Pche train covers one arm, however, the excess must-be taken 

' first at one end and then at the other; the greatest corre- 

■• spending chord stresses are then to be selected from the two 

s of results. 

Formulse for the web and chord stresses, in either this or 
Jie preceding case, may easily be written, but the number of 
ktrigonometrical functions required makes their use more tedi- 
lous than the methods employed, and hence undesirable. 

If the chords are parallel, the work of finding the greatest 
ssses is very much lessened by the use of trigonometric 
liunctions. 

It is worthy of notice that, either in this case or the pre- 
ceding, if the moving load covers first one arm, then both, 
ftnd finally be taken from both, and the stresses found in each 
condition, the results will not be far from the greatest stresses ; 
Lin fact, may be near enough for a preliminary estimate. 

Precisely the same principles and conditions of loading hold 
ftrue, in this case, with only one system, or more than two 
B)'stems of triangulation. 



BAiI- 38. — Ends Simply Bestiiig on Supports — Ona Support at 0«ntr*^ 
Example. 

The general principles fundamentally involved in this case 

Jare not different from those of the two preceding ones, except 

n the number of points of support at the first pier. All the 

ixed load of the bridge is carried to the centra! point of sup- 
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port, whether the bridge is open or closed ; the end supports 
furnish reactions for the moving load only. 

The truss to be taken as an example is the one shown in 
the accompanying figure, in which the arms are of equal 
length. 

The general formulae to be used for the reactions at A, B, 
and Cf and for the bending moment at the centre, are equa- 
tions (li), (12), (13), and (10) respectively of Art. 35. These 
equations may be written as follows, remembering that /i = 
4 = /, and M2 = M: 






(I). 



(2), 



1^2= t\ ^P^ + ^P2-2Al\ 



ie3 = ijip(/-^)+i)/| 



(3). 



(4). 



It is to be remembered that s is measured from A or C, 
according as the left or right arm is considered. 



h b h! 



r' e' cL' 




The following are the data to be used : 

Total length z=: AC= 2l= 2AB = 2BC = 144 feet. 
Uniform depth z=:dD= bB^ 16 feet. 
Panel length = AD = DE = etc. = 13 feet. 

BH = BH' = 7 feet. 
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I Total fixed weight per foot = i.2oopounds(nearIy). | 

I Upper chord panel fixed weight = \V = 273 tons. I 

I Lower " " " " = ((" = s-oo " I 

I Uniform panel moving load ~ w = 19.50 " 

I The moving load traverses the lower chord, and the weight i 

I of the floor system is taken at nearly 350 pounds per foot. J 

I On account of the extra weight of the locking apparatus, J 

the fixed weight at A, or C, will be taken at 3 tons, and will ] 

be denoted by if,. 1 

As is clear from the figure, all inclined web members, ex- 1 

cept the end posts, are for tension only, while the verticals I 

I are compression members. | 

As the ends A and C are neither latched down nor lifted 

up, either arm is a single truss simply supported at each end, I 

for all moving loads which rest upon it, so long as there are no | 

moving loads OH tile ot/wr arm. j 

For exactly the same reasons, therefore, as those given in \ 

' the preceding Article, any counter, as dE, icUl sustain its • 

[ greatest stress ti'hen the moving had extends /mm its foot to 

Ike centre, if >w other moving load rests on the bridge. 

It must still be borne in mind that in connection with any , 
counter stress, the stress in the vertical which cuts its upper 
extremity is to be found, for such a one may be the greatest 
stress in the vertical. 

Again, resume the general expression for the shear in any 
web member: . 

s=S-n{\V+ W)-n'w; I 

I in which 5 is the shear at one extremity of the arm, and » j 
and «' the numbers of fixed and moving panel weights re- ^ 
I spectively between the same end of the arm and the web 
I member in question. In considering the main web members, 
I J will be taken adjacent to tlie centre, and, in the present 
I example, at an indefinitely short distance from B in the arm 

\ab. 



For 



given condition of loading in AB, it is evident that 
smaller is ^, the greater will be S. But Eq.(l) shows 



SIVWC BRIDGES. 



itive. Hence so long as 2P(/— x) s 
(2) shows that ^1 decreases as ^ s 



that M is always neg 
mains the same, Eq. 
creases (numerically). 

Again, Eq. (i) shows that MwiU have its greatest numerical 
value, other things remaining the same, when ^P{i'* — ^)s 
has the greatest value possible; i.e., when the moving load 
covers the whole of the arm BC. With a given value, there- 
fore, for ^P(l— s), Ry will be the least possible when the 
. moving load covers the whole of the other arm, or the whole 
of BC; consequently S will be the greatest under the same 
conditions. Now having found under what circumstances S 
is the greatest, precisely the same reasoning used in the pre- 
ceding Articles shows that J will be the greatest, under the 
same circumstances, when «' is zero. 

Any inclined main web member, then, will sustain its greatest 
tensile stress when the moving load extends from its foot to Ike 
free extremity of the arm in which it is found, and ctn'ers at the 
same time the whole of the other arm. 

A few main web stresses in all trusses of this case are a 
little singular in character, but are no exceptions to this rule. 
Those for the example taken will be noticed in the proper 
place. 

Any vertical web member, unless acting as a counter, will 
sustain its greatest compression in connection with the great- 
est tension in the inclined main web member which cuts its 
upper extremity. 

In seeking the greatest main web stresses, it may happen 
that the reaction Ry becomes zero ; this, however, changes 
nothing in the method. 

Since either arm is a simple truss for all moving loads rest- 
ing on it (supposing none on the other), every such load tends 
to cause the same kind of stress throughout the same chord. 
Consequently, as in the previous Article, the greatest tension in 
the lower chord, and compression in the upper, will exist -when the 
moving load covers one arm only. These stresses will be found 
in that portion of the arm adjacent to its free extremity. 

The greatest chord stresses of the same kind as those 
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caused by the fixed load, can be found with the least labor 
by Jirst determining all the stresses due to tlie fixed load alone ^ 
and tabulating them. 

The stresses caused by the moving load alone are then to 
be determined by the aid of the following considerations. 

Let that moment be considered negative which causes 
tension in the upper chord and compression in the lower. 
All moments, then, caused by the fixed or moving loads are 
negative, and all those produced by the upward reactions Rx 
are positive. Now the compression in any lower chord panel 
may be found by taking moments (such will be negative if 
compression exists) about the panel point vertically over that 
extremity nearest the centre. The general expression for 
such compression will be : 

R\np — nwt^ 



in which n is the number of the panel from the free extremity 
of the arm, v! the number of the moving panel loads on the 
arm, / the distance of the centre of gravity of the moving 
loads nw from the origin of moments,/ the panel length, and 
d the depth of the truss. 

The numerator of this expression must be negative, and it 
is desired to find what value of ti will give it its greatest 
negative value. 

Now since every panel moving load on the arm AB 
increases R^ (as a positive quantity), it appears from the 
figure that ti must not be greater than (;/ — i), and, farther, it 
must belong to loads between the panel considered and the 
free extremity of the arm. Since, however, / varies with «' 
the above expression may have its greatest negative value 
when n* is less than (« — i). 

These considerations are independent of the general charac- 
ter of -^1*, it has already been seen, however, that, with a 
gfiven loading on AB, Rx will be the least when the moving 
load covers the whole of BC also. Hence in order to find the 
greatest tension in the upper chord and compression in the 
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lower due to the m /ing load, the method of procedure is as 
follows : 

Throughout the whole operation the moving load is to 
entirely cover one ami, as BC. The moving load is then to 
cover the other arm from the free extremity to any panel 
point, and the stresses in tiie panels situated between 
the end of the train and the centre arc to be computed. 
This operation is to be repeated for every panel in that arm 
not wholly covered by the moving load. From these results 
the greatest stresses may be selected and then added to the 
fixed load stresses. 

Tlie character of these operations and the reasons for them 
will be much more evident after the example is treated. 

The following values will be needed, and depend only on 
the data already given. 



s= 13 
« = 36 





. / - 3 = 59 


• c 


-.-"js 


= 6s 


195 


00 




. /- = = 46 


. (/' 


- --")-- 


= 117 


208 


00 




• '-» = 33 


• (/' 


- J).- 


= 142 


857 


00 




. / - s = 20 


• (/' 


- .-•).- 


= 128 


960 


00 




• i-s^ r 


■ (•" 


-^j. 


= 6z 


335 


00 




Angle AJL 


= a. 












" m£ 


= />■ 










tan 


a = 0.8125. 




ec a = 


1.29. 






tan 


fi = 0.4375. 

I _ I 
4/' ~ 20736 


= 0.00004823 


1.09. 






' = 


19.5 tons = w/ 




P _ 

I 


0.271 







The following values of M are found by substituting the 
proper numerical values in Eq. (i). The moving load is taken 
to cover the whole of BC and so much of -^ C as is indicated 
by the values of s. 
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U3 



In arm AB; 


jsr = 


13 


» 


'-{'d 


tt it tt . 

> 


l'3 

« = S 26 
(39 


*i It it . 

> 


ar= - 


ri3 
26 

39 

1 52 

13 
26 


> 


g= - 


39 

52 

65 



r 

J 



547.00 
657.00 



iJ/ = — 792.00 



^= —913.00 



• • • 



J/ = — 972.00 



The following values may now be written. Those of i?i 
are found by simply substituting the proper numerical quanti- 
ties in Eq. (2) ; the moving load, as the values of AT show, is 
taken to cover the whole of BC. 

P 1 
js:= 13 . . -^ 2 (/—-sr) = 15.99 tons . . -^1= 8.39 tons. 



_ ii3 

- 1 26 • • 



« 



= 28.46 " . . Ri= 19.33 " 



^ = 



13 
26 . . 

39 



« 



=3740 " . . ^1=26.40 " 



2= 




s= < 



13 
26 

39 
52 
1 65 



it 



it 



= 42.82 " . . J?i= 30.14 " 



= 44.72 " . . i?i= 31.22 " 
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The stresses in the counters will first be sought, u ^., those 
in the arm AB, 

As a trial let the moving load cover the points /% G, and 
//, and, as before, let R^ be the general expression for the re- 
action at A. Hence : 

-^1 = 3 X 19-5 X -^ = 16.25 tons. 

72 

Since 3 4- 2 x 7.73 > R^, 2P = o at the panel point E, and 
no counter is needed between e and K 

Moving load over EH. 

26 ^ 
-^1 = 4 X 19.5 X — ^ = 28.71 tons. 

As 3 + 2 X 7.73 + 19.5 > /?i, -2"/*= o at E, and dE is the 
first and only counter needed. 
The vertical component of the stress in dE is 

J = i?i — 3 + 7.73 = 17.98 tons. 

Hence, (dE) = 17.98 y. seca-=. 4- 23.19 tons. 

The greatest compression in the end post Ady and tension 
in the vertical dD will exist when the moving load covers the 
whole of the arm AB^ the other carrying none, and with such 
loading : 

y?j = 5 X 19.5 X ^ = 44.69 tons. 

Hence, (Ad) = — (^j — 3) x j^r a = — 53.78 tons. 
At the same time : 

(dD) = + (19.5 + 5.00) = + 24.5 tons. 

The stresses in the main web members are next to be de- 
termined. 

Those in Ad and dD will occur under circumstances to be 
indicated hereafter. 
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The following operations are in accordance with the princi- 
ples already shown. 

Moving load on BC and at D. 
^i = 8.39 tons ; hence, for the shear in De : 

J = — i?i + (3 + 7.73 + 19.5) = 21.84 tons. 

Hence, {De) = s x sec a =-{• 2S,iy tons. 

Also, {e£) = — (j -h 2.73) = — 24.57 tons. 

Moving load on BC and DE. 
Ri = 19.33 tons ; hence, for the shear in Ef: 

j=— ^i + (3 + 2x 7.73 4- 2 X 19.5) = 38.13 tons. 

Hence, {Ef) ^^ x seca-= + 49.19 tons. 

Also, {fP) = — ( J + 2.73) = — 40.86 tons. 

Moving load on BC and DF. 
Ri = 2640 tons ; hence, for the shear in Fg\ 

j=-^j + (3 + 3x 7.73 + 3 X 19.5) = 58.29 tons. 

Hence, (Fg) =^s x seca= 4- 75.19 tons. 

Also, {gG) = — (^ + 2.73) = — 61.02 tons. 

Moving load on BC and DG. 
R^ z= 30.14 tons; hence, for the shear in G/i : 

j=-J?i + (3+4x 7.73 + 4 X 19.5) = 81.78 tons. 

Hence, (G/i) = s x sec a = + 105.5 tons. 

Also, (A/T) = — ( J 4- 2.73) = — 84.51 tons. 

Moving load over BC and AB. 
R^ = 31.22 tons ; hence, for the shear in Hi : 

j=-^x + (3 4-5 X 7-73 + 5 X i9-5) = i07-93 tons. 
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:s X secP= + \ 17.64 tons. 



The same panel weights have been taken for H and H' as 
for D, E, F, etc., though, strictly speaking, they would be a 
little smaller. At b, however, the fixed weight will be taken 

as 2.73 X 7 ^ 13 = 1.47 tons. 

Hence, (bB) = - (2 x 1 07.93 + 1.47) = — 217.33 to"S. 

:eptions noticed, are 



Thus the web stresses, with the 
completed. 

It has been shown that the greatest compression in the up- 
per chord and tension in the lower will exist when the moving 
load covers the whole of one arm, as AB, for which condition 
of loading, as has already been seen : 

Ri = 44.69 tons. 

Now, j^i — {3 + 7,73 + 19.5) — 14.46 tons is that part of the 
total pane! load (fixed and moving) at E, which may be con- 
sidered as passing directly to A ; while (19,5 + 7.73) — 14.46 
= 12.77 to"5 is the remainder, which maybe taken as passing 
directly to B. 

The following values will now be needed: 

14.46 X tan a = 1 1.75 tons. 
12.77 ^ '«""= 10.37 " 

(7-73 + '9-5) X ''"'« = 22.12 " 

The chord stresses then follow: 

{AD) = (DE) = (/?, - 3) X /ff« a = + 33.87 tons. 

{dc) = {cf) = — (2 X 1446 + 27.23) :< tanci = — 45.62 tona, ,j 

ifg) = iff) + 12.77 xtaHa = — 35.25 tons. 

{EF) =-{fg)=+ 35.25 tons. 

{gh) = (fg) + 27.23 V Ian n + 12.77 '^ ''"' " = — 2.76 tons, 

[^FC) ^ - (g/i) = + 2.76 tons. 



i 
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{hb) will evidently be tension, and {GH) compression ; no 
other stresses, therefore, are needed. 

The following stresses, by moments, serve as checks : 

(de) = (./) = _ (^, - 3) X 26 -27.23x13 ^ _ ^5 63 ^^„3 

Uh) = - (^. - 3) X 52 -4 X 27.23 X 19-5 ^ _ 2.75 tons. 

The chord stresses due to the fixed load alone are the fol- 
lowing: 

{AD) = — {lie) = — 3 X tan a = — 2.44 tons. 

\dE) = - (e/) = (AD) - (3 -f 7.73) X tan a = - 11.16 " 
(£F) = - l/g) = (DE) - (3 4- 2 X 7.73) xtana= ^ 26.16 " 
(FG) = - (^//) = (EF) - (3 + 3 X 7.73) X ^^'^ «^ = - 47-44 " 
CGN) = - (*//) = (FG) - (3 +4 X 773) X ran a = - 75.00 " 
(5//) = (GH) - (3 + 5 X 7.73) X tan/3 = - 93.22 " 

As a check : 

/nrr\ 3 X 72 + J X 7.73 X 33 

(BH) = — - — f. — = ■" 93-2^ ^^"^• 

The tension in the upper chord and compression in the 
lower, due to the moving load only, still remain to be found. 

AToving load over AB and BC. 
J?j = 31.22 tons. Moments about b give: 

(BH)' = ^iX72-5;iI9-5x33 ^ _ e^.g ^^^^^ 

^ .16 

Moving load over BC and A G. 
Ri = 30.14 tons. Moments about // give : 

,j^rT\t /,L\> -^1 X 65 — 4 X IQ.5 X 32.5 

(GHy== - (lib) = -i 5 — ^^^—^-^ ^-^ = - 35-99 tons. 
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Moving load over BC and AF. 
Ri = 26.40 tons. Moments about g give : 

/z7/^\' / 7\' ^1 X 52 — 3 X 19.5 X 26 ^ ^ 

(FG) = — (g/i) = - -— ^ ^ — ^^-^ = — 9.26 tons. 

Moving load over BC and AE. 
Ri = 19.33 tons. Moments about/ give : 

/rrx; / /- \ /?i X 39 — 2 X 19.5 X I9.5 

{EF) = - {fg) = -i — ^ ^6^ = - 04 tons. 



Moving load over BC and at D.' 
R^ = 8.39 tons. Moments about e give: 

ir^r\' I j'\i -^1 X 26 — 19.5 X 13 

{DE) = - (ef)' = -^ ^g^-^ ^ = - 2.21 tons. 

(i?/^)' =-(^)'= —2.21 — (19.5-8.39) x/tf«a= -11.24 tons. 
\fG)' = - (^//)' = — 1 1.24 — 9.03 = — 20.27 tons. 
(C//)' = — (//*)' = — 20.27 — 9.03 = — 29.30 tons. 

Other chord stresses, with the different conditions of load- 
ing taken, are not indicated, as they were found to be less, for 
the same panels, than those that are given. They might be 
needed, however, in some cases. 

A very important result occurs, which has not before been 
noticed, when the moving load covers -ffC and one panel load 
rests at A. 

In such a case Eq. (i) gives : 

J/= --^i(/»-^^= -486.00. 
4/ 



And Eq. (2) : 



M 
/?i = -y = — 6.75 tons. 



Under the circumstances just named, therefore, the condi- 
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tion of things at A is equivalent to hanging a weight of 6.75 
tons at that point, as the end of the overhanging arm AB. . 
With such a weight, the following stresses result : 

6.75 X tan a = 5.48 tons. 
{AD)" = - {dey = - 5.48 tons. 
{DEY = - (./)" = - 10.97 
{EFT = - {/gr = - 16.45 
(FG)"=-(^>4r=- 21.94 
(GH)" = - {6/1)" = - 27.42 
{BN)" = - (2742 + 6.75 tan /?) = — 30.37 tons. 

From these results are to be selected the greatest chord 
stresses. 

For examples : 

Resultant (GN) = — (35.99 + 75.00) = — 1 10.99 ^ons. 
(/'60 = - (2 1.94 +4744) = - 69.38 " 



(4 



In short, precisely as the operation has been done before. 
The resultant web stresses caused by this negative reaction^ 
are: 

(Ad) = (3 + 6.75) y. s€car=i -f 12.58 tons. 

\dD) = — (3 -f 2.73 4- 6.75) = — 12.48 tons. 

These are the " singular *' stresses already mentioned. 
Collecting and airanging the results, the following resultant 
stresses are obtained : 

{dE) = + 23.19 tons. 



{Ad) - + 12.58 


(< 


{Ad) = — 53.78 tons. 


\dD) = + 24.50 


i( 


{dD) = - 12.48 " 


(De) = + 28.17 


« 


{eE) - - 24.57 " 


{Ef) = -f 49.19 


u 


{/F) = - 40.86 " 


{Fg) = + 75.19 


«( 


{gG) = — 61.02 " 


[GK) = + 105.50 


« 


{AH)= - 84.51 " 


{Hb) = + 117.64 


« 


{6B) =-217.33 " 



(AD) = — 7.92 tons ; + 33.87 tons. 

(Z>£) = - 22.13 " ; + 33-87 " 



k**^V j:?.'" 
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(EF) = — 42.61 tons ; 
(FC) =- 69.38 •• •, 

(cy/)=- 110.99 ■■ 

(£«■)= -IS3.82 « 



(A) 



- 7-92 

- 22.13 

h 42.61 
h 69.38 
h 1 10.99 



+ 35.25 tons. 
+ 2.76 ■■ 



— 45.63 tons. 
-^45.62 " 
-35-25 " 

— 2.76 " 



The same stresses exist, of course, for corresponding mem- 
bers in the arm BC. 

It is thus seen that the portions d/i, d'h', AG, and CG', of 
the chords must be counterbraccd. Ad, Ctf, dD, and d'ly, 
only, of the web members need the same treatment. 

It may happen that, with a moving panel load at D, the 
reaction at A will be negative, in the search for main web 
stresses. In such a case the method of operation is simply 
an extension- of that used in the example. If the numerical 
value of this negative reaction is equal to, or less than, a 
moving panel load (which may rest at A), a weight equal to 
this reaction is to be taken as hung from A, and the panel 
load (moving) at D is to be taken as hung from that point, 
while the arm AB is to be considered as an overhanging one. 
If the reaction, however, is greater than a moving panel load, 
then two such loads are to be taken as hanging from A and 
D with the overhanging condition of the arm. 

A whole panel moving load is taken at A for prudential 
reasons. If the load were of uniform density, then a half 
panel moving load would be taken at A. 

Negative reactions by the formula for any number of mov- 
ng panel loads near the end are to be treated in exactly the 
same way ; for it is to be remembered that negative reactions 

an actual truss, in this case, cannot exist. 

It may be urged that the case of partial continuity, taken 
in the preceding Article, should be treated according to the 
principles developed in this, by taking the middle span equal 
to zero. 



ENDS SIMPLY RESTING ON SUPPORTS, 



I8l 



Making such an assumption, however, would be a depart- 
ure from the real state of the truss. The safe way would be 
to determine the greatest stresses by both methods, and select 
the greatest of the two sets of results. 

Differences would be found only in the upper chord ten- 
sion, lower chord compression, and main web stresses. 

In the present case, if there are two or more systems of 
triangulation, each is to be treated precisely as the example 
has been. 

This case really includes that of a centre-bearing turn-table 
with two points of support at the centre, as shown in the 



K Ti' 




figure. HH' is free to " rock " on the central point /?, and as 
the motion is always very small, BH (horizontal distance) is 
essentially equal to BH' (also horizontal) at all times. From 
this it results that the reaction at H will always be equal to 
that at H\ consequently the diagonals ////' and 7/7/ must be 
introduced. 

Now as HH' is really a part of the truss, attached to and 
moving with it, the whole bridge, ACy is simply a continuous 
truss of two spans supported on the fixed point A'. All the 
conclusions and formula!, therefore, of this Article, apply to 
it directly. R% will be the reaction at />, and M will be the 
moment over the same point. 

According to the principles established, ////' will receive its 
greatest stress when /IT?, only, carries moving load. Since 
the pressure on // is always equal to that on //' also to a 
half of the reaction at B^ there results : 

in which R\ is the reaction at B due to the moving load on 



uT^- 



.4 . t - 
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AB only, considered as a simple truss. The greatest stress 
in H'h is, of course, equal to {Hh), 

The greatest stress in Hh (equal to {ITh')) is found, as 
before, by putting the moving load on BC and A G. 

No locomotive excess has been taken, but precisely the 
same conditions of loading hold whether such excess is taken 
or not. 

It will only be necessary to remember that the locomotive 
may be at either end of the train, and that the greatest results 
arising from the two positions are to be selected. 



.V 



•*\ 



CHAPTER V. 

SWING BRIDGES. ENDS LATCHED TO SUPPORTS. 
Art 39. — Qeneral Considerations. 

It has already been stated that the object of fitting the 
ends of a swing bridge with a latching apparatus is to enable 
those ends to resist a negative reaction, or in other words, to 
prevent their rising from the points of support. All " ham- 
mering" of the ends will thus be prevented. 

It has further been shown in the preceding Chapter that if 
there are always two points of support at the center, for each 
system of triangulation, the ends will never fend to rise. It 
was also observed in the preceding Article that with a pivot, 
or centre-bearing turn-table, the bridge always presents the 
case of continuity with two spans only, whatever may be the 
number of apparent points of support at the centre. 

In this chapter, then, it will only be necessary to consider 
the one case of continuity with a single point of support 
between the extremities of the bridge. 



ArL 40i— Bnds Ziatchad Down — One Point of Support Between Bztreml^ 

ties of Bridge — ^Bzample. 

The general formulae required in this case are Eqs. (i), (2), 
(3), and (4), of Article 38, and they are here reproduced. 

M^--^[kp{P^^)3-^^P{l^^s?)s\ .... (i). 

ie, = ^|ip(/-.^)+JJ/| (2). 

183 
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ZP-. + £F= - 2M [ 



(3)- 



= 1 {!/■(/-.-) + J/ [ 



(4). 



= /, which will appear in4 



These involve the condition /, = 
the example. 

If this condition docs not exist in any case, the formulse to 
be used are Eqs. (lo), (ii), (12), and (13) of Article 35, but 
they arc to be used in precisely the same manner as will be 
Eq^. {0.(2). {3). and (4). 

This case was essentially treated in the preceding Article^ 
insomucii that with ordinary moving loads precisely the same 
conditions of loading, for the greatest stresses, are required in 
the two cases. The results themselves, however, will be dif- 
ferent for the upper chord compression, lower chord tension, 
and counter stresses. 

It will probably be as expeditious and labor saving, never- 
theless to find the reactions and chord stresses due to each 
moving panel load, and then combine the results thus found 
with those due to the fixed load alone, in the usual manner. 
Such is the method to be used in the example. 

Since Eq, (i)* shows that M Is always negative, Eq. (2) 
shows that with a given value of 2P (/ — s), R, will have its 
greatest positive value when no moving load is upon the span 
If. The expression for the shear in any counter: 



-l^x- 



H-w-n{W+ W)\ 



(in which n is the number of moving loads between V?, and 
the counter, and n the number of fixed loads similarly lo- 
cated), will have its greatest value for n' - O. Hence, /«- tJu 
greatest stress in any inclined counter, the viming load must ex- 
tend from the centre to the foot of the counter in question. This 
is precisely the condition used previously. 
As usual, the stress in the vertical which cuts the upp^ 
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extremity of the counter must be found, for it may be the 
greatest in that member. 

Precisely the same reasoning used previously shows that 
the greatest stress in any main web member (inclined) exists 
when t/u inoving load covers tlu whole of one span^ and that 
portion of the otlier included between the free end and the foot of 
thetnember considered. 

The stress in the vertical which cuts the upper extremity 
of the inclined web member is to be found with the same 
condition of loading ; it will usually be the greatest possible. 

The truss to be taken for an example, and all the data, are 
exactly the same as those used in Article 38. The figure and 
the data are reproduced below : 




Total length = ^C = 2/ = 2AB = 2BC = 144 feet. 
Uniform depth = dD = bR = 16 feet. 
Panel length = AD = DE = etc. = 13 feet. 

B//=BH'=:7 feet. 
Total fixed v^eight per foot = I2CX) pounds (nearly). 
Upper chord panel fixed weight = IV= 2.73 tons. 
Lower chord panel fixed weight = JV = 5.00 tons. 
Uniform panel moving load = w= 19.50 tons. 

The inclined web members, except the end posts, arc for 
tension, and the verticals for compression. 

The moving load traverses the lower chord. The weight 
of the floor system is taken at about 350 pounds per foot of 
track. The fixed weight at A will be taken at throe (3) tons, 
and that at b at 1.47 tons. Full panel loads of both kinds 
will be taken at H and //'. 

For a single moving panel load on the arm AB: 



j/=-^j,(/»-.-«)5 



(5). 



I 
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^, = ija;(/-ir) + J/l . . . . (6), 



i?3 = - 



M 
I 



(7)- 



The distance s is to be measured from A or C according as 
the arm AB or CB is considered. 

The trigonometrical quantities used in this example are 
th6 same as those employed in the preceding Article, They 
are the following: 

tan AdD = tan a = 0.8125 
sec " = sec a=z 1.29 
tan HbB = tan ft = 0.4375 
sec " =sec /? = 1.09 



The following quantities are also taken from the example 
in the preceding article : 



z = 


'■^3 . 


» w ^"^ 


■z = S9 . 


. • (''• 


-J^)Z = 


65195.00 


z = 


26 . . 


1 w ^~' 


■2 = 46 . 


. (/»- 


-^)z = 


117208.00 


z = 


39 • • 


1 w ^~ 


•^ = 33 • 


. (^'- 


'J^)Z = 


142857.00 


z = 


52 . . 


t If ^~' 


.a- _ 20 . 


. (''- 


':?)z^ 


128960.00 


z = 


65 . . 


w 


e= 7 . 


. (/'- 


-^)j = 


62335.00 






I 
4/» 


_ I 


= 0.00004823. 






20736 





0,00004823 X 19.5=0.00094. 
w 10.5 

-7- = -^-^ = 0.271. 

/ 72 ' 

By using these quantities in Eqs. (5), (6), and (7): 

w zX. D . . -^1=4- 15.14 tons . . -^s = — 0.851 tons. 

w "^ 

w 

w 

w 



it 



n 



a 



H 



^1 = + 10.94 
/?, = + 7,07 

■^1 = + 3-74 
Rx= -^ 1.09 

^Rx = + 37.98 



« 



ii 



a 



i?8=-i.S3 
Rt=- 1.87 

Ri = - 1.68 
^a = — 0.81 

.2^8 =-6.741' 
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The gfreatest negative reaction at the extremity of one arm 
will exist when the whole of the other is covered by the mov- 
ing load, and its value is seen to be —6.741 tons. The resist- 
ance of the latching apparatus must be sufficient to oppose 
this with a proper safety factor. 

Under the same circumstances, with ends not latched down, 
it was found that the reaction at A was 44.69 tons (see Article 
38); but 37.98+67.41 = 44.721 tons, which is essentially 
equal to 44.69 tons, as it should be. 

Counter Stresses, 

dE is the only counter needed, since with moving loads at 
Ey Fy Gy Hy thc reaction at -^ is : 

Rx =: 10.94 + 7.07 + 3.74 4- 1.09 = + 22.84 tons ; 

consequently '2P^ o at E, 

The shear, or vertical component of the stress, in dE is : 

5= 22.84 — (3 + 2.73 + 5.00) = 12.11 tons. 

Hence, (^^) = J x jr^ a = + 15.62 tons. 

With the moving load covering DHy dD acting as a counter 
will sustain a tensile stress equal to 

(dD) = 4- (19.5 4- 5.00) = + 24.5 tons. 

With the same condition of loading. Ad receives its great- 
est compressive stress : 

{Ad) = — i?i X seca= — 37.98 seca=: — 48.99 tons. 

Main Web Stresses. 

The main web stresses are found precisely as in Article 38, 
and there is no need of repeating the operation here. 

The values of the stresses will be reproduced in the proper 
place. 

CAord Stresses, 

The chord stresses due to the fixed load alone are the same 
as those determined on page 75 of Article 38. They will 
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not be reproduced, but references will be made to them as 
they are. 

Those caused by the moving load alone will be determined 
by placing a panel load at each panel point successively, 
and finding all the chord stress in both arms due to it. then 
tabulating the results, and, finally, combining them in the 
manner already shown in several instances. 

The counter dE will be supposed to come into action for 
the weights E, F, G, and //. 

The panel loads at F, G, and H will cause apparent com- 
pression in some, or all, of the inclined members E/, Fg, and 
Gh. The resultant action of fixed and moving loads in those 
members, however, will in all cases be tension. 

The detailed expressions for the chord stresses due to one 
. moving panel load only will be given, as all the others are 
like it. For this purpose take w at F. 

Ri— ■\- 7.07 tons ; ^3 = — i-S? tons, 

IV — J?i = 19,5 — 7.07 = 12.43 tons. 
(AD) = (DE) ^ + /?, tan « = + 5.74 tons. 
(efc) = icf) = — 2 X Jii X tan ft = — 11.49 tons. 
(£/■) =-{fg) = + 1 1.49 + 5.74 = + 17.23 tons. 
{FG) = - {gh) = 17.23 - 13.43 y- tana = +7.13 tons. 
{GH) — — {M) = 7. 1 3 _ 1 3.43 X tana = — 2.97 tons. 
(HE) = — 2.97 — 12.43 X '''« A = — 8.41 tons. 



1 



(CD) = 


- (rf>) 


^j X 


tan 




- I-5-' 


ons 


{/}'£■) = 


-{'/') 


= 2 X " 




= 


-304 


" 


{£-/n = 


-cr^') 


= 3 X " 




= 


-4.56 


" 


(F-(7') = 


-U*) 


= 4 X " 




— 


-6,08 


" 


(CW) = 


- («) 


= 5 X ■' 


" 


= 


-7.60 


" 


{/f'B) = 


-7.60- 


- R3X tan^ 




= 


-8,42 


" 



The following checks by moments should be observed. 
Moments about i give : 

_ /f, X 72 - 19.; X 33 _ 
16 

_ A>, X 72 



(HB) = 
(/fB) = 



16 



ENDS LATCHED DOWN. 



189 



Moments about /give : 

(£F) = ^—^ = + 17.23 tons. 

The following tables are found by following the same 
operation for all the weights. 





(de) 


W 2X D 


-12.3 


" •• E 


-17.78 


.( i« p 


- "49 


.< i( Q 


— 6.08 


.. .. JJ 


- 1.77 



('/) 



ifs) 



— 8.76 


— 5.22 


-17.78 


- 10.82 


-11.49 


- 17.23 


- 6.o3 


— 9.12 


- 1.77 


- 2.66 



{gh) 


W 


- 1.68 


+ 1.86 


- 3.87 


+ 309 


- 7.13 


+ 2.97 


— 12.16 


+ 0.65 


- 3-55 


-4.42 




wzx D ' + 12.3 
" " iff j + 8.89 

4« •( p 



4« I 



• G 



+ 5-74 
+ 304 



•• •* // ; + 0.89 



(DE) 



+ 8.76 
+ 8.89 

+ 5-74 
+ 304 
+ 0.89 



(EF) 



I 



+ 5.22 
+ 10.82 
+ 17.23 
+ 9.12 
+ 2.66 



(.FC) 


KGH) 


um 


+ 1.68 


- 1.S6 


-3-77 


+ 3-87 


-3.09 


-6.94 


+ 7.13 


-2.97 


— 8.41 


+ 12.16 


— 0.65 


- 7.54 


+ 3-55 


+ 4 42 


-3.63 



W 2X D 

.« «. p 

.< I< p 

.« I. Q 



«« •! 



H 



(ftc-) 


(^'/') 


+ 0.69 


+ 1.33 ' 


+ 1.24 


+ 2.49 ; 


+ 1.52 


+ 304 


+ 1.37 


+ 2.70 


+ 0.66 


+ 1.32 



(/>') 



+ 2.07 



+ 456 

+ 4.10 



+ 1.97 



(g'h') 



+ 4.97 
+ 6.o3 

+ 5.46 



(>*'*) 



+ 2.76 I . -f 3.45 



+ 6.22 
f 7.60 
+ 6.83 



+ 2.63 t +3.29 



- r. - . ..% '. 
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(CD) 


(DE) 


(EF) 


(EG) 


(G'H) 


(H'B) 


waiD 


— 0.69 


-1.38 


T 2.07 


— 2.76 


-3.45 


— 3.82 


<( M £ 


— 1.24 


-2 49 


-3.73 


-4.97 


— 6.22 


-6.88 


•• »• /p 


-152 


-3.04 


-4-56 


-6.08 


— 7.60 


— 8.42 


U l< ^ 


-1-37 


-2.73 


— 4.10 


-546 


-6.83 


-7-56 


" " H 


— 0.66 


— 1.32 


-1.97 


— 2.63 


-3-29 


-3.64 



Using the main web stresses and the fixed weight chord 
stresses found in Article 38, the following greatest stresses at 
once result : 



(dE) 


= + 15.62 tons. 






{Ad) 


= + 12.58 " 




(Ad)— — 48.99 tons 


{dD) 


= + 24.50 " 




(dD) = - 12.48 " 


{De) 


- + 28.17 " 




(eE) = - 24.57 " 


{£/) 


= + 49.19 " 




{/F) = - 40.86 " 


(/x) 


= + 75-19 " 




lg<^)= - 61.02 •' 


(,Gh) 


= + 105.50 " 




(/;//)= - 84.51 " 


{Hi) 


= + 117.64 " 




(dB) = - 217.33 " 




(AD) = - 7.92 1 


• 

tons ; + 2842 tons. 




(BE) = — 22.12 


«< 


; + 16.16 " ' 




{EF) = - 42.59 


u 


; 4- 18.89 " 




(FG) =- 69.34 


u 






{G//) = - 1 10.96 


u 






{BH) --IS3.S3 


u 






{de) = + 7.92 


It 


; — 46.98 tons. 




{ef) = -f 22.12 


ii 


; -34.72 " 




iM = + 42.59 


it 


; - 18.89 " 




(^A) = + 69.34 


u 






{/td) = + 110.96 


ii 





The web members dD, d'D', Ad, Cd\ and the portions AF^ 
CF'y dgy d'g' of the chords need count erbracing. 
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The chord stress {GH) = — 1 10.96 tons requires the mov- 
ing load to cover BC and A G. 

With the moving load on AB only, there is some ambi- 
guity in the stresses (dc), compression^ and {DE) tefision. 

In such a case the reaction Rx is 37.98 tons, and the web 
member De may be neglected. Under such an assumption, 
by taking moments about d and E successively, there will 
result : 

{AD) = {DE) = ^^'"jg "" '^ = + 2842 tons ; 

/ , V , ^v (^1 — 3) X 26 — 27.23 X 13 

{de) = {ef) = - ^ ^ i6~^ = " 34.72 tons. 

This ambiguity cannot be avoided if both the web mem- 
bers d£ and De exist. It might also have been noticed in 
the case last treated. 

It has already been noticed that the downward reaction of 
6.74 tons must be resisted by the latching apparatus. 

If there are two or more systems of triangulation, the pre- 
ceding principles hold true for each. Also, if there is loco- 
motive excess, precisely the same methods are to be em- 
ployed. 

The observations which were made at the end of Article 38 
on a pivot or centre-bearing turn-table, over which there are 
two points of support for the truss, apply, exactly as they 
stand, to this case. The value of R'2 must, however, be found 
by Eq. (3) of this Article. 
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CHAPTER VI. 

SWING CKIDCES ENDS LIFTED. 

Art. 41. — Oeneral Conaideratlotui. 

In the preceding chapter there was noticed, in detail, I 
method of prevention of " hammering," by latching down t 
ends of a swing bridge of two spans. It was also thci 
noticed that the necessity of such an arrangement could ovi 
exist in the case of continuity with two spans. For precisdl 
the same reasons given in connection with that case, /Ae net 
siiy of lifted ends ea» exist in t/ie event of continuity with two 
spans only. 

It is plain that if the ends of a swing bridge are pressed 
upward by forces exceeding the greatest negative reactions 
determined for latched ends by the formula of the last chap- 
ter, there can be no hammering, for the ends can never leave 
their seats or supports. 

By a proper device, then, the ends should be pressed up- 
ward by forces at least equal to the negative reactions deter- 
mined for latched ends. 

In order to provide for any contingency, however, which 
may arise, the upward force should somewhat exceed such a 
value. 



Art. 42. — Bnda Lifted — One Point of Support Between Extremities — 

Example. 

The figure represents the truss to be taken as an example. 

The span, depth of truss, and panel lengths, excepting hh'. 
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are the same as those taken in the two preceding cases ; the 
loading is also the same. 

The following are the data to be used : 

AC^ 2(Ah^ ^')= 144 feet. 

Uniform depth of truss = 16 

Panel length = 13 

Aft' = 14 



u 
« 



Uniform fixed upper chord panel load = JF = 5.00 tons. 
" " lower " " " = IV'= 2.73 " 

" moving " " = w = 19.50 " 

Moving load for unit of length = 1.50 " 

The truss is a deck one, as the moving load passes along 
AC; and as the figure shows, there are two systems of tri- 
ang^lation. It will be assumed, though not strictly true, that 
the same panel loads are found at // and A' as at the other 
panel points. 

Let the inclination of GA to a vertical line be denoted by a. 

BA " " " /?. 

Bg " " " <y. 






Then tan a = 0.8125 ; seca=z 1.29; 

" /? = a4375; " /^= 1-09; 

6 = 1.25 ; " d = 1.6. 



ti it 



Each S3rstem of triangulation is to be treated as an inde- 
pendent truss. The fixed weights at D and A will be taken 
as belonging to the system ADeF, etc., while that at rf will be 
assumed to belong to the other system. Similar observations 
apply to the other arm. As in the preceding case, a fixed 
load of three (3) tons will be taken at A or C. 

The stresses in a swing bridge with ends lifted may be 
considered as composed of the stresses in two other trusses. 
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one with ends latched down and subjected to the same toads 
(both fixed and moving), and the other subjected to the 
action of the upward pressures only, at the ends; the dif- 
ferent trusses being supposed of the same form and dimen- 
sions in all their parts. 

From this, it at once follows that the positions of the mov- 
ing load for the greatest stresses {when the ends are lifUd) 
are exactly the same as those determined in the preceding 
chapter. 

For the stresses in the counters, then, or far those in ike mem- 
' bers which slope downward from tite upper chord and toward 
I the ends, the moving load must extend from the centre to the 
upper extremities of such members. 

These stresses will be compressive, and the member in 
which such stress is first found is to be determined in the 
manner already shown. 

2n order to find the greatest compressive stress in any web 
member, in one arm, sloping downward from the upper cJtord, 
and tozvard the centre, the moving load must extend from the 
end of that arm to its upper extremity, and at the same time 
cover the whole of the other arm. 

These conditions of loading are to be taken while the ends 
are lifted, but it will also be necessary to find the web stresses 
for the open draw in the vicinity of the end, as some of these 
will be the greatest stresses in the web members there located. 

It is to be borne in mind that any two web members which 
intersect in that chord which does not carry the moving load, 
take their greatest stresses together. 

Although positions of moving load for the greatest chord 
stresses may be assigned, it will probably be the shortest and 
most labor-saving method to find the chord stresses due to 
the fixed load and upward pressure together, then find those 
due to each moving panel load alone, and combine the results. 
This method will be used. 

The example will now be treated. 

The following quantities are determined on the supposition 
that the ends are latched down, by Eqs. (l), (2), and (4) of 
Article 40. 



I 
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System A DdEfy etc. 

f = 13 feet . • if = — 61.28 . . ^j = + 15.14 . . ^, = — 0.851 tons, 
f = 39 •• . . Af = — 134.29 . . -^i = + 7.07 . . i?a = — 1.87 
1 = 65 " . . M^ — 58.59 . . ^j = + X.09 . . R^ = — 0.81 



41 
II 



-3.531 



II 



System ADeFg, etc. 



1 = 26 feet . . M= — XX0.X8 ..^1 = 4- 10.94 . . ^, = — 1.53 tons. 
j = 52 •• . . M=i — 121.22 . . ^1 = + 3.74 . . ^, = — 1.68 



•I 



-3.21 •• 



Each of these results, it is to be observed, is for a single 
panel moving load placed at the panel point denoted by the 
value of g. They have been used in the two preceding cases. 

The chord stresses due to each panel moving load alone 
will first be found. As these are all found by exactly the 
same method, the detailed expressions for two only (one in 
each system) will be given. 



System ADdEf^ etc. 


■ 


Panel moving load at/: 




« = 39 feet ; -^i = + 7.07 tons ; Ry 


1 = — 1.87 tons. 


(Ad) = — Ri tan a 


= - 574 " 


\df) ^ --2 Rxtana 


= -11.49 " 


Ifh) = — 1 1.49 + ( 1 2.43 — 7.07) tan a 


= — 7.20 " 


{kh') =- 7.20+ i243(/tf»a + /^»/J)= + 8.30 " 


(DE) = - {Ad) 


= + 5-74 " 


(EG) = 5.74 + 2 ^1 tan a 


= + 17.23 " 


(GB) = 17.23 — 2 X 1243 X tana 


= - 2.96 " 


{Cd') = - ^8 tan a 


= + 1.52 " 


(df) = - 2 " *- 


= + 3-04 " 


(fh) = - 4 " " 


= + 6.08 " 


(AA') = 6.08 - ^s {icin a + tan pi) 


= + 8.42 " 


{DE) = - {Cd') 


= - 1.52 " 


(£'(?') = -^ciR^tana 


= - 4-56 " 


(G'B) = + 5 " " 


= - 7.60 " 
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As numerical checks, the moment method gives the fol- 
lowing results: 

/^m i?i X 65 — 10.5 X 26 ^ ^ 

(GB) = — i — g-^-^ = — 2.96 tons. 



(^') = - -^«^^72 ^ ^ 8^ J ^^j^^ 



(G:'^ = ^«^^^^5 ^ _ 7 gQ ^Qj^3^ 



System ADeFgy etc. 
Panel moving load at ^: 

^ = 26 feet ; 7?^ = + 10.94 tons ; . i?8 = "" 1-53 tons. 
(^^) =—R^tana = — 8.89 

(r^) = [Ae) — 2.38 y. tana = — 10.82 

(^) = (^<r) + ( 19.5 - -^1) (tan a + /«» (J) = i- 6.84 

(Z^F) = 27?! /^« a = + 17.78 

\fB) = (DF) - 2 (19.5 - Ri) tana =4- 3.87 

(CV') ^ — R^tana = + 1.24 

(^'^') = - 3 " " = + 3.73 

(^'^) = «f ') - ^8 (^^» a + tand) = + 6.88 

(Z>'F') = 2 i?8 /^» a = - 249 

(F'^) =4" " =- 4.97 

Moments give : 

/Z7m -^1 X 52 — IQ.5 X 26 . ^ o/: 4. 

(FB) = — — ^-^-^ = + 3.86 tons. 



(F'B) = ^^^ = - 4.97 tons. 
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All the results for the two systems give the four tables 
below: 



{Ad) 



w9Xd\ —12.30 



ttrat/ 



- 5.74 



wr at A 1 — 0.S9 



(<//) 


(fh) , {hh) ^ 


(DE) 


(EG) 


(GB) 


\ ' i 

- 8.76 ; - 1.68 4- 3.77 

i 1 


1 
+ 12.30 


1 

+ 5.22 — 1.86 

1 


—11.49 — 720 + 8.30 


+ 5.74 

1 


+ 17.23 — 2.96 


- 1-77!- 3.541+ 3.63 

1 1 1 


-h 0.89. 

i 


-h 2.66 . + 4.43 





(Cd) 


(^/) 


(/^) 


{AA) 


(D£) 


(EG) 


(CB) 


wzX d 


+ 0.69 


+ 1.38 -H 2.77 


+ 3.83 


— 0.69 


— 2.07 


-3.46 


wat/ 


+ 1.52 


+ 3.04 + 6.08 


-h 8.42 


-1.5a 


-4.56 


-7.60 


wzi h 


+ 0.66 


+ 1.32 -h 2.63 I + 3.64 


'-0.66 

1 


+ 1.97 


-3.29 





(Af) 


(^/r) 


(^•) 


(/?/-) 


(FB) 


vat^ 


-8.89 
-3.04 


— 10.82 

— 9.12 


+ 6.84 
+ 7.54 


+ 17.78 
+ 6.08 


+ 3.87 
+ 12.16 





{Ce) 


(eg) 


+ 6.88 
+ 756 


(DF) 


(/"iO 


wtXe 


+ 1.24 
+ 1.37 


+ 3-73 
+ 4.10 


-2.49 
-2.73 


-4.97 
-5 46 



The open draw stresses due to the fixed weight alone are 
the following : 



3 X tan a = 244 tons. 
W X *' =4.06 " 
W X " = 2.22 •* 



3 X tan 6 = 3.75 tons. 
W X *• =6.25 ** 
W X ** = 3.41 ** 



1.^ ■ » # -•.- .' .- 
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W X ian/3 = 2.19 tons. 
IV X " =1.19 " 



(Ad) = + 3 X Caa a = + 2.44 tons. 

(Vr) ={Ad}+lVtana =+ 6.50 " 

(f/) = ((A-) + {2 (3 + W) + W] iatta = + 19.88 " 

(/^) = (</) + J2 ( W + tV) +W\tana = + 36.50 " 
(^) = {^) + (3 + W+2W') ('«»« + '«'»*) + w««<s 

= + 70.51 tons. 
{/ih') = (g-Zi) + 2(iy+ IV) (tan a + tan p) + IV tan /3 

= + 92.02 tons. 
[DE) = -(2x3+ W) tana =- 7.10 

(£F} = (DE) - zWtan a - W tana = - 17.44 

(FG) =(EF)-2(s+tV+W)tana-]V'tana= -37.10 
(GB) = (FG) - (4 it' + 3 W) tana = - 60.00 

As a numerical check : 

(GB) - (ilV + 2iV) tan - (i + 2IV + 2IV) tanS = 

- 92.02 tons = - (M). 
Again, by moments: 



(M) 



_ 5 X 7-73 X 33 + 3 X 72 - 7 X 2-75 _ 



+ 92.02 tons. 



The chord stresses resulting from the upward pressure 
alone still remain to be found. 

The total negative reaction, supposing the ends to be 
latched down, has been shown to be — (3.53 + 3.21) = — 6,74 
tons. A margin of safety, however, of two tons will be taken ; 
J. e., it will be assumed that the total upward pressure at each 
end of the bridge has a value of 8.74 tons. 

In the example, and in all cases where two or more systems 
of triangulation have a common point of support at the ends. 
some ambiguity necessarily arises in regard to the upward 
pressure. The proportion of the excess carried by either sys- 
tem is indeterminate; and if there is no excess, the propor- 
tion of the upward pressure carried by either system, during 
partial loading of one or both arms, is also indeterminate. 
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In the absence of anything better, it Will be assumed that 
the excess, in the example, of two tons is equally divided be- 
tween the two systems. It will farther be assumed that the 
upward pressure, under all circumstances of loading, is 4.53 
tons for the syste^va A DdEfy etc., and 4.21 tons for the system 
ADeFg, etc. The chord stresses due to the upward pressures 
will then be the following : 

{Ad) = — 8.74 X tana = — 7.10 tons. 

{de) = {Ad) — 4.53 X tana = — 10.78 

{ef) = {de) — 2 X 4.21 X tana = — 17.62 

ifg) = (ff) - 2 X 4.53 " = - 24.98 

(<?*) = {fg) — 4.21 {tan a + tan 6) = - 33.66 

{AA') = {gA) - 4-53 i^^^^ + ^^»/^) = - 39-32 
{D£) = 2 X 4.21 X tan a -f 4.53 tan a = + 10.52 
{£F) = {DE) -h 2 X 4.53 X tana = + 17.88 
{FG) = {EF) + 2 X 4.21 " =4- 24.72 

{GB) = {FG) + 2 X 4.53 " = + 32.08 

As numerical checks : 

{M') = « ^'74 g 72 = « 39. 33 tons. 

(GB) + 4.53 X tan/3 + 4.21 x tand = 39.32 tons = — (AA'). 

The stresses in the web members, existing with a passing 
load, will next be found, and those which may be termed 
counter stresses will first receive attention. 

System ADdE^ etc. 

Moving loads at / and A : 

/?j = 7.07 4. 1.09 + 4.53 = + 12.69 tons. ••• 2P=zo at /, 
and {/E) will be the first counter stress. 

The shear, s, in /£, is : 

s = 12.69 "" 7-73 = 4*96 tons. 

•'. {/E) = — s X seca = -- 6.40 tons. 

/. {dE) = {s + 2.73) scca =: 4- 9.92 tons. 
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Moving loads at d^ /, and h : 

y?i = 12.69 + I5-H = + 27.83 tons. 
s (for AD)= 27.83 tons. 
.V (AD) = -^ s X seca = -\- 35.9 tons. 
.-. (dD) = — J = — 27.83 tons. 

System ADeFy etc. 

Moving loads at e and g\ 

Rx = 10.94 + 3.74 4- 4.21 = 18.89 tons. .•. 2P= o at ^, and 
(Z^^*) is the first counter stress. 

s (for De) = 18.89 "" (3 + 2.73) = 13.16 tons. 
.*. (De) z=z -^ s X seca= — 16.98 tons. 
.-. (AD) = (^1 — 3) seca= -^ 20.86 tons. 

The main web stresses existing with the moving load are 
found as follows : 

System ADdEy etc. 

Moving load on Ch' and at d : 

R^ = 15.14 -h 4.53 - 3.53 = 16.14 tons. 

(dE) = — (19.5 + 5 — 16.14) seca= -- 10.78 " 
{Ef) = -'\dE)-¥ W seca = + 14.30 " 

Moving load on Ch! and Afi 

Ri = 16.14 + 7.07 = 23.21 tons. 

{fG) = - (2 ^F + 2«; + W -'R;)seca=- 36.79 " 
{Gh) = - {fG) + W sec a = + 40.31 " 

Moving load on Ch' and Ah. 

R^ = 23.21 + 1.09 = 24.30 tons. 

{hB) = - {iW-\- 3«; + 2 JF' - i?i) secfi:=- 59.58 tons. 



t 
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System ADcF^ etc. 
Moving load on Ch' and at e\ 

Rx = 10.94 -f 4.21 — 3.21 = 11.94 tons. 

(eF) = — (ff^+ w 4- ^r' + 3 - Jii)seca=z — 23.59 tons. 
(/^) = — (eF) + W sec a = + 27.1 1 " 

Moving load on C7/' and ^^: 

-^1 = 11.94 4- 3.74 = 15.68 tons. 

{^B) = - {2(fr+ fr' + w) + 3 - -/^i! Jrr <y = —66.85 tons. 

A few of the open draw web stresses are the following : 

(AD) = — ^seca = — 3.87 tons. 

(dD) =0 = 0.00 " 

(dE) = - Wseca = - 6.45 " 

(De) = + (3 + W) sec a = + 7.39 " 

(eF) = - (3 + IV -\- W')seca = - 13.84 
(£/) = -f (Jr+ W')seca = -f 9.97 






It is unnecessary to give others, as they are not needed ; 
only two of these, it will be seen, are used. 

All of the greatest stresses in the truss may now be written 
by the usual method of combining the results for the different 
cases of loading. 

They are the following : 

(AD) = — 3.87 tons; + 56.75 tons. 
(dD) = - 27.83 " 



(dE) -- 


10.78 


il 


+ 9-92 


(De) = - 


16.98 


ii 


+ 7.39 


(eF) = - 


23-59 


<< 




im = - 


6.40 


ii 


+ 14-30 


{/G)=- 


36.79 


ii 




{Fg) = 






+ 27.11 


u^ = - 


66.85 


ii 




(GA) = 






+ 40.31 


{kB) = - 


59.58 


ii 





ii 



ii 



ii 
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{Ad) = + 2.44 tons 


; - 35.52 tons. 


[de) = + 6.50 " 


-38.23 " 


(C/1 =+ 19.88 " 


-39.70 " 


(/*■) = + 3650 " 


- 20.84 " 


(i*) = + 77.15 " 




{kh') = + 112.51 " 




(DE) = - 7.10 ■• 


+ 46.21 " 


(£f)=- 17.44 " 


+ 49.41 " 


(FG) = - 37.10 " 


+ 38.76 " 


CCB)=- 57.52 " 





The web members AD, dE, De, Ef, and the portions Ag 
and DG of the chords must be counterbraced. The same 
treatment must of course be given to corresponding members 
and portions in the other arm. 

The particular form of truss in the figure has been so chosen 
as to illustrate faults of designs, in general, in consequence of 
possible ambiguity in the stresses. 

If possible, ambiguity should always be avoided. In the 
present case it would have been far better to have had one 
system of triangulation, and supported the chords by light 
verticals, designed to resist compression, extending from the 
apices. 

Precisely the same methods of loading and treatment would 
be used if there were two apparent pomts of support above B, 
that point still existing as the reai point of support of the 
truss. In fact, the same general observations as those which 
were made in the last portions of Articles 38 and 40 apply in 
this case also. 

The same methods of loading and treatment would also be 
used if there were locomotive excess, or if there were one or 
more than two systems of triangulation. 



Art. 43. — Final ObEsrvatiotii on the Preceding Methods. 

Although particular forms of triangulation have been chosd 
for the various examples in the different cases of swin 
bridges, yet the conclusions reached and the principles estal^ 
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lished are perfectly general. They are applicable to any form 
of triangulation, and to either the deck or through form of 
bridge; they also apply whether the two arms are of the 
same length or of unequal length, the panels being either uni- 
form or irregrular. It is only necessary to bear in mind what 
may be called the " local " circumstances of any given case ; 
these do not, however, affect the general principles. As a 
single illustration — if the bridge is of the " deck *' form, those 
web members which intersect in the lower chord take their 
greatest stresses together; if of the "through" form, those 
which intersect in the upper chord take their greatest stresses 
together. 




On account of the doubtful utility of fixed continuous 
trusses, and the extreme rarity of their occurrence in Amer- 
ican practice, general directions and formula only will be 
given. It will be assumed that the moment oE inertia (/) and 
coefficient of elasticity (£) are constant ; it will also be as- 
sumed that the points of support are all in the same level, 
as it has been shown in Appendix I to what cases the result- 
ing formulas apply. 



Eq. (17) of that Appendix, after introducing these t 

tions, gives, in connection with the notation of Fig. : 
following equations: 

2Af,(/i + /,)+M,it-i- A=o (1). 

J/l/, + 2M:,l/t + ^ + Mt/t + £ = (2). 

Mj/, + 2Mt{/3 + /i) + Af,/,+ C = o (3). 

J/j /, + 2Mt (/, + /i) + Mi/t + D=o (4). 

^f^/s + 2J/,(4 + /,) + ^./j + £= o (5). 

etc. + etc. + etc. + =0 



The various values of Af a.Te the bending moments existing J 
at the supports indicated by the subscripts ; the moment at □ 
is evidently nothing, since the truss is there simply supportedJ 
204 
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The quantities A^ By C, etc., have the following values, as 
Eq. (17), of Appendix I, shows : 

A^\hp(l^-^)z^\^P(l^'-^)s . . (6). 
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C ^)-hP(J^'-i^2-\-j^P{l!'-i?)z . . (8). 

D = \^P(J^-:?)2-\-j2P{l^^^)z . . (9). 

E^]-^P{l^-^z-\-jhp(U^-:?)z . .(10). 
Etc. = etc. + etc. . . 

The Eqs. (i) to (5) show, since the end moments are zero, 
that whatever the number of spans, there will always be as 
many of those equations as there are unknown bending; rno- 
ments over the points of support. Those moments, there- 
fore, may always be found, and, consequently, the reactionH 
which depend upon them. These reactions are thr main 
objects of search. It will be necessary, then, to determine 
the bending moments at the points of support. 

From Eq. (1): 

By inserting this value of M^, in Vj\. (2), thm- aS orKe 
results: 



2o6 CONTINUOUS TRUSSES. 

These values of M^ and J/, inserted in Eq. (3), ^ve: 



[^/,'+4(4+/.)f/»+A)]^-24(/.+/«)^+A4'^ 



-8(/,+A)(4+a''.-H/i)+2/.'(4+/.)+24M^.+4) I /„x 



Again, Eq. (4) gives, after inserting in it these values of 



M^ and M, : 



- aA'(4 + /.) + 8{/. + /.)(/, + i){A + /.)]^ -[- , 

4i;(/. + /.)(A + /.)l.g+ aM(/. + /.)C+ AU J 



i6(/. + 4)('i+/.){/.-t-/.)(<!.+/.)+4A'(A+A)(A+^)+) 
4/.V, + 4)(A+ /.) +4A'(/i + /i)(A+/.)-AV.n . (i^ ' 



Any bending moment may thus be found. 

It is seen that all moments are given in terms of M^ , which 
is still unknown. However, the bending moment at the other 
free end of the truss, from 0, Fig. i, will be zero; conse- 
quently its general expression, put equal to zero, will give J/", 
in terms of A, B, C, etc., and the lengths of the different spans, 
i. e., in terms of known quantities. When Mi is known, all 
the other bending moments are at once given by Eqs,(ll), 
(12). (13), (14), etc. 

As an illustration, if there are five spans, M^ = o and Eq. 
(14) will at once give J/,. Eqs. (ll)i (12) and {13) then give 
the other moments desired. 

Another method may be followed by which a less number 
of equations will suffice for a greater number of spans. For 
example, the Eqs. (li), {12), (13) and (14), with a similar 
value for Aft are sufficient for the solution of a case of ten 
spans. 

Let A' be the quantity corresponding to A, which would 
appear in the equation involving J/, and J/j, in a continuous 
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truss of ten spans, and corresponding to Eq. (l). Let B', C, 
D' represent similar quantities in equations corresponding to 
Eqs. (2). (3) and (4). The following live equations may then 
be written by the aid of Eqs. (i) to (s) : 



2M, (/„ + /,) + jl/,/, + /!' = o 
M,l, + 2M, (/, + /,) + M,/, + B' = o 
M, I, + 2M, (I, + /,) + .W, /, + C = o 
M,l, + 2M, (/, + /,) + A/,1, + D'=o 
M,U + 2M, {I, + I,) + M,/, + E =0 



(■S). 
(16). 
(■7). 
(IS). 
(■9)- 



A value for M^ may be written by changing, in "Eq. (14), 
J/i to Aff, /, to /lo, /, to /», /j to 4. /* to /„ /i to /„ A to A\ Bto 
B', C to C, and D to D'. A value of M^ in terms of M^ 
would be equal to the value of j1/„ given by Eq. (13), with 
exactly the same changes made, in so far as the same quan- 
tities appear. These pairs of values of the two quantities M^ 
and vJ/«, equated, would give two equations from which J/, 
and Mf could be immediately deduced. All the other mo- 
ments would then follow. 

The Eqs, (ii), (12), (13) and (14), are sufficient in them- 
selves for the solution of a case of nine spans, in the manner 
just indicated. 

The preceding operations represent the most direct method 
of finding the bending moments over the points of support. 
All things considered, it is probably as short as anything that 
can be derived. 

Prof. Merriman has, however, given a more elegant method 
by the use of so-called " Clapyronian numbers." Any method 
involves suflicicnt tedium. 

The preceding formulfe will be very much simplified if a 
single weight, only, rests upon some one span, since alt the 
quantities, A, B, C, etc., except two. will then disappear. 

The various reactions may be immediately determined by 
Eqs. (2i)-(27) of Appendix I., after the bending moments are 
found. And when the reactions are known, the stresses in 
the individual members, for a given condition of loading, are 
found precisely as for a simple truss supported at each end. 



2o8 CONTINUOUS TRUSSES. 

If the ends of the truss are not simply supported, the end 
moments must be known, else the problem will be indeter- 
minate. In such a case the preceding methods are in nowise 
changed, but the end moments, instead of being zero, will 
iappear as known quantities. 



CHAPTER VIII. 

ARCHED RIBS. 
Art 46. — Equilibrium Polygons. 

Preliminary to the specific treatment of arched ribs it 
will be necessary, first to consider some general principles re- 
garding equilibrium polygons for any given system of vertical 
forces, and then those involved in the theory of flexure. 

In the figure below, let AB A' be any straight, 

simple beam, subjected to the action of the vertical forces B, 
Cj Dy etc. Let x be measured from any section positive and 
horizontal toward Ay and let /* signify any external force such 
as the reaction at A or any of the forces applied to the beam ; 




Fig. I. 

then will 2Px represent the bending moment to which the 
beam is subjected at the section denoted by x. Now let there 
be imagined any force 7" acting parallel to ARKy and let the 
moments '^Px be taken at each of the points />, Cy D, Ey /% 
Gy H. Then if the quotients of those moments divided by 
the horizontal component of T be supposed represented by 
the vertical lines bBy cCy dDy etc., respectively, will the poly- 
gon AbcdefghK be one equilibrium polygon for the given sys- 
tem of loads; so that if the beam ^ A' were displaced by a tie 
in which exists the stress J", and the given loads hung from 
the joints by r, dy etc., the whole system would be in equilib- 
rium. 

14 209 
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In order to establish this, it is only necessary to show that 
no piece of the polygon is subjected to bending: for if that 
is the case, the line of action of the resultant stress must co- 
incide with its centre line. 

Consider any portion of the system, as that lying on the left 
of the vertical line dD. Those forces which have moments 
about the point d are the external forces to the left oidD and 
the stress T in the tie AK\ the latter has a lever-arm n, equal 
to the normal distance from d Ko AK, and its moment is op- 
posite in sign to "SPx. Consequently the resultant moment 
about d will be M = 2Px — 7"«. But by construction ^Px = 
7h, hence M=o\ and the same is, of course, true of every 
other joint. If 7"j is the horizontal component of T, then 
evidently Tn = r» {dD) = i'/V. 

If V be the general representative of the vertical ordinates 
bB, cC, etc., then, in general, 

SPx 



but 7\ is a constant quantity. From these considerations 
follows this important principle: 

T/ie vertical ordinates of the equilibrium poly^n of any sysM 
tern of vertical loads are proportional to, and may represent, fJk 
bending moments foutid at the various sections of a beam ; 
jecled to the action of the same system of loads, and having tki 
same span.. 

Since the stress T was taken arbitrarily, it is evident thi 
there may be an indeiivite number of equilibrium polygoij 
for any given system of loads; the principle stated abovl 
however, is perfectly general, and is true for all. 

Since i'7i = SPx — constant for any given section, it fol 
lows that any variation of T, and therefore 7"*, produces a 
opposite kind of variation in v. Hence the height of an t 
librium polygon is proportioned to the reciprocal of T or T"*. 

The method of constructing the equilibrium polygon given 
above is not the most convenient, nor the one commonly 
used. The method ordinarily used is the usual one for con- 
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stnicting the equivalent polygonal frame, and is the follow- 
ing: 

Let AK, Fig. 2. represent any span, inclined in this case 
but ordinarily horizontal, and I, 2, 3, 4, etc., the vertical loads 
acting along their respective lines of action. In Fig. 3 let the 
portions i, 2, 3, 4, 5. 6, 7, 8. and 9 of the vertical line 1-9 rep- 
resent those loads taken by any assumed scale. Since BC 




represents the sum of all the applied loads, it is also equal to 
the sum of the two reactions or shearing stresses at A and K. 
In the case of the simple beam taken, those quantities will of 
course be determined by the law of the lever only. 

Suppose ^'C and A B to represent the shearing stresses or 
reactions at ^ and A' respectively. Then draw ^J'PparaUel 
to AK, and on it take 
any point P. From P 
draw the radial lines 

a,b,c,d, /.as 

shown, and starting 
from A OT Km Fig. 2, 
draw the lines a, b, c, 

d, /, parallel 

to the lines denoted 
by the same letters in 
Fig. 3. Then will Fig. 
2 represent the equi- 
librium polygon for the 
given span and system 
of loading. 

The line.^A' or PA' 
is called the closing line of the polygon. The reaction at ^ is 
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evidently composed of the numerical sum of the vertical com- 
ponents in /and AK. while that at K is equal to the numer- 
ical difference of the vertical components in a and AK. 

The point /', from which the radial lines are drawn, is called 
Xhc pole, and the normal distance from the pole to the load 
Wne BC,t\\G. pok dislancc. The pole distance evidently rep- 
resents the horizontal component of stress common to all the 
members of the polygon. 

In order that the equihbrium polygon, constructed accord- 
ing to the principles given above, shall exactly fit the span, it 
is only necessary that a proper observance be paid to the 
scales used. 

2Px .. 

forces does not affect the height of any joint of the polygon; 
it depends only on the scale according to which x or the hor- 
izontal span is drawn. 

Let the line PP' be drawn parallel to BC, and let P' be 
the pole of a new equilibrium polygon ; the pole distance 
will, of course, remain the same as before. But the pole dis- 
tance represents the horizontal component of the stress in the 
closing line, and it has already been shown that if Tx remains 




the same, v cannot vary. Hence, any mmtcmgttt of the pole 
parallel to the load line does not change the vertical dimensions 
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^f the equilibrium polygon. But if the pole distance is changed^ 
the i^ertical dimensions are changed in the inverse ratio. 

The determination of the deflection polygon of an arched 
rib with ends fixed, involves the use of an equilibrium poly- 
gon, similar to that required for a 
system of forces whose resultant is 
a couple. Its method of construc- 
tion is not at all different from 
that just given. 

In Fig- 4, let the forces 1,2, 3, 
4» 5. 6, 7, 8, and 9, act vertically, 
BC being horizontal, and let the 
sum of 1,2, 3, 8, and 9 be numeri- 
cally equal to the sum of 4, 5, 6, 
and 7. The double line, D£^ in 
Fig. 5, represents the forces shown 
in Fig. 4. 

In Fig. 5, draw the line a in a 
horizontal direction through the 
upper extremity of force i, and 
take any point on it for the pole P. 
lines in the usual manner as shown. 

From C, in Fig. 4, draw 6' parallel to d in Fig. 5, until it in- 
tersects the line of action of force 2. Then draw the other 
lines, c\ d\ etc., parallel to r, r/, etc., until the lines of action 
of the other forces are intersected. b\ c\ . . . . h\ k\ will then 
be the equilibrium polygon for the system of forces assumed. 

It is seen that the polygon does not close. This simply 
shows that the resultant of the system is a couple, whose mo- 
ment is the force a, in Fig. 5, multiplied by AB (vertical) in 
Fig. 4. 

The following general principle then results : The equilib- 
rium polygon for any system of parallel forces whose resultant 
is a couple y is not a closed one. 

This principle is indeed true for any system of forces. 

P might have been taken at any other point, as P' in 
OP. In that case, however, the equal forces rt, acting at A 
and Cf Fig. 4, would be parallel to a line drawn from the 



Fig. 5. 
From P draw the radial 
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upper extremity of force i to P'. The vertical dimensions of 
the polygon, measured from either of the forces rt' (in gen- 
eral inclined), will always be the same if the pole remains in 
the line /'P'. 



Alt. 46. — Bending Momenta. 

An arched rib is any truss curved in a vertical plane, both 
of whose chords are convex or concave in the same direction, 
neither being horizontal ; the ends may be fixed or free. 

In Fig. 2 of Art. 45, let ADEK represent an arched rib 
sustaining the loads r, 2, 3, 4, ... . 9. Now it Has already 
been seen that, so far as equilibrium is concerned, any given 
system of loading may be sustained by any one of a set of- 
equilibrium polygons consisting of an indefinite number. On 
the other hand, it is evident that no polygon or arched rib 
can be drawn, which is not an equilibrium polygon for some 
system of vertical loading; but if that arched rib sustains 
some other system of loads than that which, it may be said, 
properly belongs to it, and if its joints be prevented from 
turning, it will be subjected to bending, which will vary from 
one section to another. 

The arched rib ADEK sustains a system of loading for 
which AfK\s, the equilibrium polygon, hence the former will 
be subjected to varying degrees of bending at various sec- 
tions. When the rib ADK is subjected to the action of its 
load, stresses arc developed in its different parts, whoso hori- 
zontal components are all the same because the load is wholly 
vertical. Now if an equilibrium polygon can be found in 
which the horizontal component of stress T^ is the same as 
that developed in ADEK, then all the circumstances of stress' 
and bending in the latter can be determined, as will be se«r^ 
hereafter. 

Suppose AfK to be that polygon, then let v' denote the 
portion of a vertical line intercepted between it and the arched 
rib, as DD. The moment about any point D will then be 

M=-SPx- n{v + v). 
But since AfK is the equilibrium polygon, 2Px- 



i 



BE.VDIKG MOMEXTS. 



315 



,; M = — T^ v'. When the polygon lies above the rib, v' is 
negative, and, hence, J/ positive. 

^Let the polygon which has the same value of 7"* as the 
srched rib be called the true equilibrium polygon ; then, since 
7"* is a constant quantity for the same rib. there is established 
the following important principle: 

The bending moments io which the different parts of an arched 
rib are subjected are proportional to, and may be represented by, 
the vertical intercepts included between the rib and the true 
equilibrium polygon. 

This principle has been demonstrated for a beam with free 

tends only, but it is true also for a beam with fixed ends, as 
will now be shown. 
In order to fix the end of the rib it is only necessary to im- 
press upon the rib at A, the point of fixedness, the proper 
couple whose moment is m\ in the fixed rib, as in the free, 
let 7i represent the horizontal thrust. The true equilibrium 
polygon for the fixed rib will be that found by increasing the 
vertical dimensions of a polygon for a free-end rib, formed by 
•jsing 7* and reactions for fixed ends, by a constant amount 



^Lb( 



le centre line of the i 



ib, there will result 
I - T, {v + y- + v) 



■ T„v', 



as before. This shows that the principle stated above is true 
tor both fixed and free-end ribs. In truth this equation might 
have been written first, and the special case of the free-end 

trib deduced by making m — o. 
i An arched rib, then, when subjected to the action of a load, 
buffers bending in the same manner as a straight beam, but to 
a different degree. 

In so far as it plays the part of a beam, it must be governed 
by the general laws of bending or flexure. The formulae to 
e given in this connection are those approximate ones based 
n the common theory of flexure, and found in the ordinary 
rorks on that subject. 
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Art. 47.— General Ponnulwi 

Let S denote the iota! shearing stress at any section, P any 
applied load or external force, M the bending moment at any 
section, and D the deflection found above ; then the six gen- 
eral equations of flexure demonstrated in the Appendix on 
the Theorem of Three Moments, some of which arc made use 
of in the graphical treatment of arched ribs, are the following: 

S =2P, ^ 






A 



^tiPj: 




If the beam is originally straight and parallel to the axis of 
X, n becomes dx and / = o. 

As usual, E and / represent the coefficient of elasticity and 
moment of inertia of the cro.'^s-section, respectively. 

The limits of the summations are the section considered 
and any section of reference. The quantities S, M, P' and 
D then refer simply to that portion of the beam over which 
the summation extends. 

One vcrj' important deduction is to be drawn from the above 
equations, or rather from the second and fifth of them. It is 

seen from these two equations that -v. i^ stands in the same 

nM 
relation to D that P does to AT. Consequently if -pj be put 
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in the place of P in any graphical construction. D will be 
represented in the place of M. Ify therefore^ an '* equilibrium 

polygon^* be constructed for any span by taking -'- as loads 

instead of Py the vertical ordinates of the polygon zcill repre- 
sent the deflections at the sections detwted by the corresponding 
values X. 

This polygon may be called the " deflection polygon," and 
its construction plays a very important part in the determina- 
tion of the true equilibrium polygon for an arched rib, in the 
majority of cases. 



Art. 48^Arched Rib with Bnds Fixed. 

The ends of an arched rib or any girder are considered 
fixed when the angles formed by their centre lines with any 
assumed line, at the fixed sections, do not vary under any 
applied load. 

Let BADy PI. v., be the centre line of any arched rib ; it 
will, of course, be considered fixed at the points B and D. 
This line may be any curve, though for convenience the arc 
of a circle has been drawn. In the demonstration no atten- 
tion whatever has been given to the character of the cur\'e, 
so that it is equally applicable to any other cur\'c. 

In the present case the centre lifu of the rib will be divided 
into equal parts for the application of the load, and each of 
those parts will be n ; consequently that quantity will have a 
finite value, and the results will not be strictly accurate, 
though near enough for all technical purposes. 

The piers or points of fixedness are supposed to be immov- 
able, whatever may be the character of the load ; but if that 
is the case, the summation of the strains at any given dis- 
tance from the neutral axis of the rib, considered as a truss, 
taken throughout the whole length of the rib BAD, must be 
equal to zero. Take that distance as unity, then there re- 
sults, for one condition, since // is constant, the equation : 



.-.'• _ _r» .*.. 
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The quantity -T^rj: is brought outside of the sign "2, because 

the moment of inertia of the cross-section of the rib is supposed 
to be the same throughout its entire length. More will be said 
on this point hereafter- 
It has already been shown that the area included between 
the equilibrium polygon and the curve BAD is made up of 
vertical strips, whose lengths (the vertical intercepts) repre- 
sent the actual bending moments at the different sections of 
the rib. Hence 'S.M represents the sum of those vertical 
lengths or intercepts draivn at the points to which the moments 
M belong, and the equation '2,^1 — o shows that the sum on 
one side of BAD must be equal to that on the other. 

But, as will be seen, there may be an indefinite number of 
equilibrium polygons which will fulfill this condition ; conse- 
quently at least one other condition must be obtained. 

Since the points B and D are fixed, the sum of all the de- 
flections, both horizontal and vertical, taken between those 
two points, must be equal to zero. It has been shown that 
the vertical deflection at any point, when « and / are con- 
sidered constant, \%D=:-pj^Mx\ also, from the reasoning 
applied to the curved girder, that the horizontal deflection is 
D^ = -J— 2SMji. Now, when these summations extend from 

BtoD, since those points are fixed, both/J and D^ must equal 
zero. The three equations of condition, then, which must be 
fulfilled for the rib, are : 

2" Af)'= o. 
It has already been stated, and it is evident without md 
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thought, that any polygon whatever is an equilibrium polygon 
for some load. 

Hence consider 5/JZ>, PI. V., an equilibrium polygon for its 
proper load, and consider it subjected to that load ; denote its 
moments by M^,. 

Again, suppose the polygon n, a, a", etc., to be the true 
equilibrium polygon for the given load, and denote its mo- 
ments, represented by the vertical ordinates drawn from its 
dosing line, by Ma- 

Then, from the principle which precedes the equation M = 
- Tyv in the general discussion of equilibrium polygons, 
there follow the equations; 

Mx = MaX— M^x. 
.: 2\Mx = ^iM.x - ^'Jftx = a 
tOr, SlJlf„x= S'_MiX. 

In the same manner, Z'Majf = S'^M^y. This last equation 
Will be used in fixing the pole distance of the true equilibrium 
polygon. 

It must be remembered that M represents the actual mo- 
Hient to which the rib is subjected at any point. 

The application of these two conditions will be shown in 
the course of the construction of the true equilibrium poly- 
gon, as they are needed. 

In the figure of PI. V., let the scale tor linear measurements 
be 10 feet to the inch, and the force scale 15 tons per inch. 
The curved centre line of the rib is divided into ten equal 
parts of 10.95 ^^^^ each, and that is the constant value of n. 
The load is not therefore uniformly distributed. The panel 
length, or horizontal distance between the points of appli- 
cation of the loads, is thus a variable quantity. If the versed 
ine of the centre line of the rib is small, « may be taken 
I to the span divided by the number of panels. But if 

e versed sine is not larger, even, than in the present case, « 
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cannot be so taken without sensible error, as will be seen. 
The other data are as follows : 



Span = loo feet. 

Radius = ;$ feet. 

Angular length of curve = 83° 37'. 
Panel fixed load = 4 tons. 

Panel moving load = 10 tons. 

Centre rise of rib = I9. 1 feet. 



I 



In the figure BD is the span, and C the centre ; b\ b". b'", 
etc.. are the panel points equidistant in the curve, and through 
which the loads are supposed to be applied. 

Now the actual moment area for the arched rib is supposed, 
really, to be the difference between the moment area of the 
true equilibrium polygon for the applied loads and that of the 
rib itself considered as an equilibrium polygon for the proper 
load ; both systems of loading being supposed applied to a 
straight beam fixed at each end. 

The first portion of the problem which presents itself, then, 
IS to determine the true equilibrium polygon for the given 
load. The construction will first be made, and it will then be 
shown that the two conditions given above are satisfied. 

Let the moving load cover the left half, BC, of the span, 
and suppose the half pane! loads at B and D to rest directly 
on the abutments. According to the scale taken, lay off Bt 
equal to 7 tons, half the total load on the panel Ab^^, and 
^5 equal to half the fixed panel load on Ab"^; then lay ofl 
6— 10, divided into four equal parts, equal to the four equal 
panel loads on b', b", b"', and i". In the same manner lay 
off 5 — I, equal to the four fixed panel loads on the right half 
of the span. Assume C as a convenient pole, and draw the 

radial lines from it to 1 , 2, 3, 4, 10, Starting from C, 

draw C — 6 until it intersects a vertical through *" at a^ ; from 
the latter point, «( a^ parallel to Cy until it intersects the ver- 
tical through b'" \ proceed in the same manner until the poly- 
gon ECF is drawn. If the end'^ were free fF would be the 
closing line, but one must now be found that will satisfy the 
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condition 'Z M^ = o, or, in other words, the sum of the verti- 
' cal intercepts drawn from the closing line downwards must 
be just equal to the sum of those drawn from the same line 
upwards. 

The proper closing line is easily located by trial. If 
Cf '= 0.5 inch and in/ = 0.96 inch, there results : 

S^Af^ = ^vt/ + a^c - a^" - a^f'" - a^^^ - Cc" - a^"^ - o^^ 
+ a^^^ + tf,^** + i v"v'" = 1.88 - 1.89 = - 0.01 inch. 

This sum is sufficiently near zero. 

The lines w' and v"v" are drawn vertically through points 

b and ^, distant — from B and D on the curve BAD, and 

4 

their halves are taken because in the summation 2^nMa there 
would appear terms — x z/z/' and — x v" v", or n x — and 



*t tit 

V V 



n X 

2 

Similar terms will hereafter appear in similar summa- 
tions. 

The closing line UK then satisfies the condition ^ ^^Ma = o 
for the equilibrium polygon ECF. 

There still remains the condition ^^^MaX = ^j^Mi^x. This 

equation will be satisfied by making each of its members 
equal to zero. The closing line HK must, then, also make 

2j^MaX = o. This simply means that the vertical ordinates 

of the polygon tf, measured from //AT, multiplied by their 
horizontal distance, from D, will form a sum equal to zero 
when their products are added. If the ordinates below HK 
are taken positive, as v"v"\ a^, a^c", etc., and those above, 
as CL^^y negative, and if the ordinates and distances be taken 
by scale from the drawing, there will result, nearly, 

t^V" X Z?^' + a^ X De' + a^d x Dc" + etc. = -f 99.7 
tf,^^ X /?/" + a^^ xDf"-h etc. = — 102.0 
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The numerical values are nearly enougli equal, and the line 
//A" will be taken as the proper closing line. 

The next step is to find the closing line for the curve BAD 
of the rib, considered as an equilibrium polygon, which will 
satisfy the same general conditions. 

Using precisely the same method of procedure as for the 
polygon ECF, the line H" K" is found to be the one desired, 
for that line makes the sum of the intercepts above it just 
equal to the sum of those below it. ^h 

Ac^ is about 0.62 of an inch. ^^H 

For this curve the summation may be written ; ^^^ 

2yJ/» = bH' -f 2i'c, + 2A"f, — zc^'" — zc^V" — Aci •= o. 

Since the curve is symmetrical in reference to A, the static 
moments of the ordinates on one side of H"K", about DK", 
will evidently be equal to the same moment of those on the 
other side. 

The second condition may now be applied. That condition 
is 2^Af„y = 2^jV^j'. It has already been shown that if M^ 
and J/ft be considered loads applied at distances j from the 
assumed origin, the ordinates of the equilibrium polygon so 
constructed will represent the quantities 2M„y = Da, or 

Through A, therefore, draw the horizontal line RAS. As- 
sume any line, as AC, as the closing line of the deflection 
polygon, and lay off At equal to a half of tt/. Also make tt 
equal c'<(, ; I'l" equal €"0^; ft'" equal a^c" , etc. /"/'" is 
measured in a direction opposite to that of the preceding, 
because it represents a moment of an opposite sign. In the 
same way At measured to the right of A is equal to a half of 
v"v" \ tty equal to c^rt, : /,/„ equal to fTgc'"', etc.* Draw 
W and note its intersection C" with AC. From C" draw 
C"dx parallel to Ct until it intersects a horizontal drawn 
through i' in rf'; draw (/,W" parallel to C^' until it intersects 
a horizontal through b" in d" \ draw d^'d'/' parallel to Ct' 

* If the drawing had been nude accuntlcl^, t^'tv, would have been exactly 
equnl [o Cc''. 



A 



ARCHED RIB WITH EXDS FIXED. 



"3 



until it intersects a horizontal through b ", etc. The polygon 
C"d/d'\ etc., will intersect the horizontal RAS at a point 
distant from A^ on the left of it. from which / is drawn to a 
point on the right of A at the intersection of the deflection 
polygon formed by using /, / , / , / , as before, and which is 
shown in the figure. The sides of the deflection polygon on 
the right of CA are parallel to radial lines drawn from C to 
the points /, /, /,, / . The distance i/ — /,) represents, in an 
exaggerated manner, the horizontal deflection of the end of a 
vertical beam fixed at C whose length is CA^ and which is 
subjected to the bending moments w\ c'a , c"a^ etc.. at verti- 
cal distances from C equal to the heights of b, b\ b\ etc.. above 
BD. In the same manner, / represents the same quantity 
for the same beam when subjected to the corresponding mo- 
ments on the right-hand side of AC, 

The line l^ can be determined with less work and more sim- 
ply when the meaning of the construction is once dearly 
seen, by laying off, on the left of ^, as before, loads repre- 
sented by the algebraic sums \At -^ At)^ {tt — // ), \: :' ^:t \ 
etc., and then drawing the equilibrium polygon as usual. The 
distance from A to the intersection of the polygon with AR 
will then be equal to /. 

The deflection polygon d'd' d *d^ is constructed :n pre- 
cisely the same manner as the preceding. Make As equal to 
a half of bH' : ss equal to cb' ; ss' equal X.o c^b \ s s equal 
to c%b"\ etc.;* then draw radial lines from those points of 
division to C. The point d' is at the intersection of C J\ 
drawn parallel to Cs. with a horizontal line drawn through b' : 
d'd" is drawn parallel to Cs until it intersects a horizontal 
line drawn through b'\ and the other sides of the polygon arc 
constructed in the same way. 

The polygon cuts the horizontal line RAS in a point distant 
i/from A. There will, of course, be another deflection poly- 
gon, precisely the same as the last, on the right-hand side of 
ACj found by taking ^K' D, c^b^, etc., and laying them off 
from A towards 5. 

* With a saflkien: accjracy of con^zraciioa, A:^'^ wooli equ^i i hjlf of Acs, 
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If the intercepts used in the deflection polygons for M^ and 
jWj, represent those moments by the proper scale, then by the 
same scale CA will not, in general, represent the true pole 
distance. But this fact has the same proportional effect on both 
/and /,. Consequently any result depending on the equality 
of / and I, will not be affected. 

Instead of using Acf, and C<^ in the manner shown, greater 
accuracy might have been attained by taking half intercepts 

at the distance - on both sides of A and C. Such an oper- 
ation, however, is unnecessary in all ordinary cases, since 
moments in the vicinity of A and C have very little effect on 
the horizontal dimensions of the deflection polygon. Mo- 
ments, on the contrary, in the vicinity of HH ' , have great 
effect. 

Now /, represents 2 ^ May \ and /i -2 ^ M^y ; and in order 
that the second condition may be satisfied they should be 
equal. Since /, is less than /, it shows that the quantities Af„ 
are too small, or, in other words, the pole distance BC is too 
large. This last statement is evidently true, if it be remem- 
bered that the pole distance is inversely proportional to the 
vertical ordinates which represent the moments. 

Lay off, therefore, on reproduced, the distance Of equal 
to /,, and draw through M the horizontal line MN. With a 
radius CN equal to /, draw the arc of a circle cutting MN in 
N, then produce the line CP. All moments represented in 
the lower equilibrium polygon a will have to be increased in 
the ratio of CN to CM. To make this reduction, draw a 
horizontal line, for instance, through c' until it cuts CN in p, 
then make c^a^ equal to Cp; a'' will be one point in the true 
equilibrium polygon. All other points might be found in the 
same way, but having found one point, as a", a much shorter 
method may be used. 

It has already been shown that the vertical dimensions 
two equilibrium polygons for the same loading and span are 
inversely proportional to the pole distances, the vertical 
dimensions being measured from the closing lines. In the 
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figure the vertical dimensions of the polygon ECF must be 
increased in the ratio of /, to /, or in tlie ratio of Cc"' to Cp. 
Hence, on C^V produced make t./* equal to BC, and draw the 
horizontal line OP cutting CM produced in O, then will CO 
be the pole distance for the true equilibrium polygon. 

In order to find the true pole, make CL parallel to HK, 
then draw LC parallel to BC* and equal to C0\ the point 
C will be the true pole. 

According to previous principles, the reactions or vertical 
hearing stresses at B and D will be /- — lo and L — \ respect- 
ively, and, since the closing line must be parallel to BD In the 
Etrue equilibrium polygon, LC must be parallel to BC. From 

f C draw the radial lines shown to i, 2, 3 and 10; 

ihese lines will be parallel to the sides of the true polygon; 
., draw fl'a" parallel to C 6 until it cuts a vertical through 
e^^d" parallel to C7 until it cuts a vertical line drawn 
irough b"'\ d'a^ parallel to C 5, etc. The polygon add' 
. . d'a* so formed will be the true equilibrium 
Blygon. 

r As a check some of the points as d or d' should also be 
lound by the previous method. Thus make Coequal to e'a, 
md draw^' parallel to CD ; C/>' should then be equal to ca'. 
"hher points may be treated in the same manner. 

It may now be seen that the polygon add' a* 

llatisfies the three conditions Z^Af=o, 2 Afx — o, and 
JF^^ — o. The first conditions arc evidently satisfied by 
Be method of locating the closing lines in the lower polygon 
. . . , af, and the curve BAD, for any intercept be- 
Veen the curve and the upper polygon a is the difference 
letween two intercepts each of which belongs to a sum equal 
5 zero, hence the sum of those intercepts is zero. The second 
nndition is satisfied by the location of the point C. 
. Another check on the degree of accuracy attained in the 
X>nstructiQn is found in what has just been said, i, e., the 



* The reason (or ihe true closing tine being horiioniul k given, though for 
ir purpose, on page 253- 
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moment area lying above the curve BAD must be just equal 
to that lying below it. 

By actual measurement LC is equal to 3.65 inches, hence 
the constant horizontal component of stress in any portion of 
the rib \s 54.S tons. The resultant stress at any point of the 
arched rib is equal to 54.8 tons multiplied by the secant of 
the inclinations at that point. The bending moment at any 
point to which the rib is subjected is found by multiplying 
the vertical mtercept between the equilibrium polygon and 
the curve by (54.8 tons = 7i). For example, the actual mo- 
ment to which the rib is subjected at b' is {fia x 54.8"). 

The line of action of 7i (54-8 tons in this case) is, of course, 
along the true closing line H"K". This is an important 
matter, as will hereafter be seen. 

A line drawn through C parallel to EF would cut off on 
the load line the reactions which would exist were the ends 
free. 

The reaction at B, in the present case, is thus seen to be 
much greater than would be found in the case of free ends. 

A point in the vertical line passing through the centre of 
gravity of the load is found at the intersection of the sides a 
a and a** if- in G. G' , at the intersection of £0,, and Fa^ 
prolonged, is in the same vertical line. 

The pole of the deflection polygons might have been at A, 
and the moments laid off from C, in which case the half of 
Aci. and the same of Cc". would have been the moment dis- 
tances adjacent to C. Precisely the same value for LC would 
probably not be found, because the sum 2 My is not con- 
tinuous, and consequently not exact. For this reason it would 
be better in an actual case to divide the real panel lengths 
into two or more equal parts in order to find the true pole 
distance, LC, and consequently the true equilibrium polygon. 
Tn can then be used to find the stresses in the members of 
the actual rib in a manner that will hereafter be shown. ' 

The diagram should of course be drawn to as large a scale 
as possible, and it may often be advisable to exaggerate the 
vertical scale so as to make the intersections of the true poly- 
gon and curve well defined. 
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The effect of such an exaggeration may easily be shown 

K^nce the various steps of the construction remain precisely 

'the same. Suppose .-Itrto be m times as large as it would be 

made bythe scale according to which the span BD is laid off; 

m denotes the degree of exaggeration. The distance / will be 

t times as great as it ought to be, and consequently the 

f height of the equilibrium polygon will be increased beyond 

I'its true value in the same ratio. But if the true height is 

Fpniy — of that found, the true pole distance will be m x CO, 

ind LC must be made equal to that. 
The span has been supposed half covered by the moving 
I load, but any other portion might have been taken as well. 
1 It is ta be noticed that the method is perfectly general, and 

mtirely independent of the character of the curve BAD, or 

f the loading. 

Att 49.— Archad Rib with Frea Soda. 

The treatment of the arched rib with free ends is not dif- 

bferent in any respect, except one, from that given in the pre- 

Kvious case. The exception is this, that the condition 2 A/ = o 

Kmust be omitted, since the bending moments at the free ends 

Bust disappear. 

In this case, again, the centre line Js divided into equal 

Observations made under this head in the preceding 

tide apply here also. 

- "s . 

£/' 
s of course based on the common theory of flexure, and 
lenotes simply the difference of inclination of the neutral 
furface of a straight beam at the two sections indicated by 
Bie limits of the summation : with a constant moment of 
nertia it is usually written -p-.-JJfdx. The condition of fix- 

tdness of the two ends of the ribs requires the position of the 
^eutral surface to remain unchanged at those two sections, 
sonsequently 2>tP' must be equal to zero between those 
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limits. In the case of free ends, the position of the neutral 
surface may be any whatever consistent with the elastic prop- 
erties of the material at those sections. The middle points 
of the free-end sections must, however, retain their primitive 
positions, or the summation of the deflections, either horizon- 
tal or vertical, between those points must be equal to zero. 
The only remaining conditions, therefore, are 'S.^^nMy = o = 

But the ends of the rib may have any relative vertical 
movements, whatever, without changing the circumstances of 
bending. Consequently the only condition to be fulfilled 
i"* «.)/)' =o. 

The same amount and proportion of loading will be tal 
as in the previous case; the same radius, span, notation, 
scale will also be taken. The figure of PI. VI. represents the 
construction. The moving load is assumed to cover the half 
span BC. 

As before, take fas the pole for the trial polygon, then 
make B^ equal to a half panel fixed load, supposed applied 
at A, and B6 a. half panel (fixed + moving) load, supposed 
applied at the same point ; also make 5—4 equal to load at 
i^, and 6 — 7 the load at ^", etc. 

Draw radial lines from C to the points of division, 1, 2, 3, 

4, 5 ... . 10, and construct the polygon E, Oi, a^, ag 

F, precisely as before ; in truth it is exactly the same polygon 
that was used in the preceding case. Since there can be no 
bending moments at B and D. the equilibrium polygon must 
pass through those points, hence £F is the closing line of the 
trial polygon, ECf. 

As has been seen, the only condition to which the equilib- 
rium polygon is subject is S^ nMy = o ; or, as before, as r is 
constant. 

:S^ My = 5^ j1/« / - 2^ M„y = o. 

Or, :S.lM^=-S.\M^y. 

The method of constructing the deflection polygoi 
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dsely the same as that followed in the previous case, only in 
the present one a half of the ordinates representing M^ and 
Mt, will be laid off from A in order to keep all the points j 
and / within the limits of the diagram. 

As the half intercepts at the distance - from B and E are 

very small, and as their omission will lead to simplicity in the 
diagram, and not cause much of an error, they will be neg- 
lected. In an actual case, however, the omission should be 
made with caution. 

Since the moments at B and D are zero, make As equal to 
\c-J}', ss equal to \Cib", s's" equal to qCsd'", s"s" equal to ^c,d" ; 
then draw horizontal lines through /I'S", b"b"', etc., cutting 
AC S.S before. As the end moments are zero, d' will be on 
AC, then d'd" will be parallel to Cs, d"d"' will be parallel to 
O*, and so on until the point d^ on the line RS is reached. 

The two portions of the deflection polygons for the mo- 
ments M„ will not be similar, y^t it is only necessary to con- 
struct a single deflection polygon, as was shown in the pre- 
ceding Article, The sums i^.l/^/ and i^J/^/ may each be 
divided into pairs of terms, each member of the pair having 
the same value of _f ; this may be done for any case in which 
the moments may be taken in pairs. The moments in each 
pair of terms will of course be located equidistant from AC, 
Make, therefore. At equal to \ {a^t^ A- «»!:"), //, = to \ {a^' -f 
a»f""). tit„ equal to \a^" -f- a.^'^^). and /„/,„ equal to \ ((/(c" + 
iV^'}, Draw radial lines as shown, and make t// <//' parallel 
to Ct, dl'df" parallel to Ct, , etc., until the point (/,' is reached, 

Lay off on /I C produced, CAf equal to Ad,^, draw MN' par- 
allel to BD. and with a radius CA' equal to 2{Ad^) find the 
point A', and produce CSV through that point. In order to 
find the true equilibrium polygon it is only necessary to in- 
crease the ordinates of the trial polygon in the ratio of CM 
to C/^. , 

Hence draw c^ parallel to CD, then make Ca^ equal to Cp ; 
a' will be one point in the true equilibrium polygon. In the 
same manner make Q- equal a^", and determine/' as before. 
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then make c^"' equal to Cp' ; a'" will be another point in the 
true polygon. A shorter way to proceed, however, is the one 
indicated in the previous case. Draw CL parallel to EF, then 
a line parallel to £C through L. Make C/" equal to BC, and 
draw OP parallel to BD ; OC is the true pole distance. Make, 
therefore, LC equal to OC, and C'wiW be the true pole from 
which radial lines are to be drawn to i, 2, 3, 4, 5, . . . . 10. 

Starting from any given point, as B, make Ba' parallel to 
C 10, a'a" parallel to C 9, etc., etc. ; the side parallel to C l 
should pass through the point D. 

The two methods should be used to check each other, as 
was indicated in the previous case. • 

Since LC is 3i inches, 7"* = 3.J x 15 = 52.5 tons, and its 
line of action is evidently BD. 

All those directions of a general character which accompany 
and follow the construction in tlw preceding case apply wilh 
equal force to the present one and those which follow. It is 
particularly important in the graphical treatment of all arched 
ribs to make the polygons approach as nearly their ultimate 
limits, i.e., curves, as possible; for that reason it will be 
advisable in most cases to divide the actual panels into two 
or more equal parts in the search for the true equilibrium 
polygon. 

Axt 60.— Thennal StreRSM In the Arched Rib with Ends FUxed.* 

Thermal stresses are those stresses which are co-existent 
with any variation of temperature, in the structure consid- 

* In reality ihe deflection which produces stress, in ihc case of variation of 
temperature, is not Ihe whole deflection. lithe points B and D. in PI. VII.. 
were free to move, there would be no tbermal stresses, but Ibere would be deflec- 
tion. This deflection, in Ihe present i^ase. would be (if 100 units become 100.13204 
lot an increase of iSo^ F.) 



Strictly speaking. Ihe deflection to be used, then, for a change of 165" F. ii 
0,35 — 0.O3I = 0.13 ft. The difference is so small, however, that it may be 
neglected, especially since Ihe error is a small one on ihe side of safely. These 
observalioni are general and apply to ail case*. 
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ered, and whose values depend upon that variation. Any 
variation of temperature in the material of which an arched 
rib is composed will cause a variation in its length, and con- 
sequently a deflection at any given point. Although the 
temperature is supposed to change, yet the ends of the rib 
are supposed to remain in their normal positions, so that the 
general conditions i'«.I/=oand 2«J/f = o = i^.i/j-, hold 
for thermal stresses as well as for any other, remembering 
that n is constant. 

Any change of form, such as that arising from the applicar 
tion of loading, will cause extra stresses, which are to be de- 
termined in precisely the same manner as that used for ther- 
mal stresses ; in fact, they belong to the same class of stresses. 
Every kind of material has its own coefficient of linear ex- 
L pansion ; wrought iron, for instance, expanding .12204 units 
n every 100 for a change of temperature from 32° to 212° F., 
I^wbile tempered steel gives the empirical quantity. 1 2396 for the 
: conditions. (D. K. Clark, "Rules, Tables, and Data.") 
The arched rib shown in PI. V., and already treated for 
■dinary stresses, will be supposed to be of such a material 
ind to be subjected to such a change of temperature that the 
wint A will suffer a vertical deflection of 3 inches. It is a 
natter of indifference in which direction the deflection takes 
^lace; it will be supposed upward in the present case. 

The effect of the thermal variation is to cause bending 

Pxioments at the various sections of the rib from which the 

deflection results. Also, to keep the ends in their original 

positions requires the existence of a horizontal force, such as 

the stress which may be supposed to exist in a horizontal tie. 

lie stresses and bending, then, caused by thermal variations 

pre the same as those which would be caused by a horizontal 

force having the proper line of action ; the problem then 

Kolves itself into finding the proper value and line of action 

^f this horizontal force. 

The figure to be used, and which will be referred to, is that 
Ibf PI. VII., and represents the same rib precisely as PI. V. 
For the sake of greater accuracy, « will be taken half as great 
9 m Pis. V. and VI. ; its Talue will then be 5.47 feet. 
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It will first be assumed that the points b, d,, b^, etc., are at 
a uniform horizontal distance apart of 5 feet, and at the same 
time equidistant on the curve ; that which might be allow. 
in a very flat curve. 

The conditions .^* nM = o and ^^nMx = o show If" 
to be the line of action of the horizontal force, which will be 
called T^. The line H" K" is the same line as H" K" in PL 
v., since it is located by exactly the same condition, the 
vertical intercepts between it and the curve BAD represent- 
ing the moments M. Since the only force acting on the rib 
is T'j, the bending moment M will be equal to 1\ multiplied 
by the proper vertical intercept. Thus the moment at b, will 
be 7; X a,b,\ and that at b^, T^ x a^b^. 

The value of T^ is determined by cither of the conditions 
2^tiJi/j/=D^E/, or 2''^?iMx=D£/; by way of variety the lat- 
ter will be taken. Assume any point as C for the pole, and 
make j9C the pole distance. Make5i equal to ^Aat: I— 2 equal 
to a^dg ; 2 — 3 equal to a■,b^ ; . . . . and 9—10 equal to ab, and 
construct the polygon C(7 a". . . . «** in the usual way. B -~ to 
is one half /■/'&', and a'//' is a vertical line through b", while 
Bb' is one quarter of Bb. Draw the horizontal line i7*Zf, then 
the vertical intercepts included between a'£ and the deflec- 
tion polygon flVC, of the kind (a/i), represents in an exag- 
gerated manner the deflections (vertical) of the points in the 
rib vertically above them. 

Now since the actual moment in an equilibrium polygon is 
equal to the vertical ordinate multiplied by the pole distance, 
the actual vertical deflection at A is CE multiplied by its pole 
distance ; however, since the real deflections are proportional 
to the vertical ordinates of the kind (a/i), those deflections 
may be at once found by multiplying those ordinates by a 
proper ratio. That ratio is a known quantity, because the 
real deflection at A is known to be three inches. The ordi- 
nate C£ measures 1.61 inches on the drawing, and represents 
16.1 feet on the actual rib; the ratio desired is therefoi 

= F — - To illustrate, the deflection at tfi 
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section / is 13.9 -^ 64,4 = 0.216 feet. Similarly, the deflection 
at b% is 6.2 -s- 64.4 = 0.096 feet. These quantities will be used 
farther on. 

It will now be necessary to give a little consideration to the 
general equation 2nMx = DEL 

If the ordinates of the kind {ab), measured from H" K'\ are 
denoted by y\ M^ from what has already been said, can be 
written as Tjj\ Hence the general equation may be written, 

2nMx = Tj^^nyx = DEL 

Or, since n is constant, 

I h — 



n^y'x 



This last is the equation from which 7\ is to be found. 

Now since y is positive or negative according as it is meas- 
ured on one side or other of the line H"K'\ and since ;/ is 
assumed to be uniform and horizontal, the quantity fi^y'x is 
the difference between the statical moments of the moment 
areas on the different sides of that line in reference to the sec- 
tion considered. Written as an integral expression, it would 
be fy'xdx. 

The area of the surface Ab^ma^ is 1.12 sq. in., or 1 12 sq. ft. 
full size. The distance of the centre of gravity of the same 
area from AC is very simply found by construction. Take 
any point ai for a pole, and a-im for the pole distance. Make 
fUfHi = vim^ = \aibi, ;;/i;;/2 equal to a^h^, and so on, making, 
however, m^mi equal to a half of Aa^ Then construct the 
equilibrium polygon e, e^ ^2, . . . . i-j. The sides rr, and r^r^ 
produced will cut each other in the vertical line G/f passing 
through the centre of gravity of the area Ama^. 

The area BH"m is to be treated in precisely the same man- 
ner, taking ai as pole, and a^H" as pole distance, and making 
Bn equal to a half of BIT', The vertical line KL passing 
through the centre of gravity of the area is found as before at 
the intersection of the sides ^1 andys/i prolonged. 

The area BH"vi is, of course, equal to the area Ama^^ con- 
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sequently the value ti\nSy'x {or the section A will be the 
product of the common area by the horizontal distance be- 
tween their centres of gravity, i. e., 3.26 inches in the figure, 
but 32.6 ft. full size. 

The cross-section of the rib will be assumed to be of such 
form that f/has the value of 2,ocx),cx» foot-tons. Hence for 
the point.'3,Z?= 3 inches or 0.25 ft., n'2y'x= 112x32.6 = 
3651.2; 



Ts- 



20000 00 X 0.25 
' 3651^ " 



137 tons. 



For any other section, as /, the deflection is 13.9 ~ 64^ = 
0.316 ft. The vertical line passing through the centre of 
gravity of the area included between m and a vertical line 
through / passes through the intersection of the sides e%a^ and 
^£"1, prolonged, and the distance between KL and it is, as 
shown, 3.04 inches in the drawing. For this section 
n^y'x ^ 112 X 30.4 — 49.82 X 5.8 — 31 16; 



T^ = 



- 49.82 ) 
0.216 



3116 



139 tons. 



In precisely the same manner, for the point b^, 
„ _ 2000000 X O.C96 _ 



I421 



: 13s tons. 



J 



The values should have been the same, except for the 
errors incident to a small scale and the fact that polygons 
were used where curves really belonged ; yet the difference 
between the extreme values is only 2^ per cent, of the larger, 
which is not very much of an error. 

If, however, the true value of w (5.47 feet, nearly) be taken 
along the centre line of the rib, a decidedly different result will 
be found, since nSy'x will have a different value. 

The quantity x, as before? will be measured from a, to the 
intersections of the dotted lines drawn through the points {b), 
while _y' will represent any vertical ordinate (belonging to any 
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point (*)) from the line H" K ", taken positive downward. 
The point m will be assumed midway between a^ and a^ . 

The following values are measured from the original draw- 
ing: 

jT = 1.36 y = — 6.2 I {xy) = — 4.22 

^= S4S y=-6.i ^■^,= " 33-25 

X = 10.9 y = — 5.5 ;i7' = — 60.00 

X = 16.2 y = — 4,6 xy = — 74.52 

jr = 21.7 y = — 3.2 jry = — 69^44 

jr = 26.8 y= — 1.35 ^y = - 36.18 

— 277.61 

jr = 32.0 y = 0.7 xy = 224 

;r = 36.8 y = 3.2 ;ry = 117.76 

4r = 41.6 ^' = 6.0 xy = 249.6 

X = 46.0 y = 9.2 .ry = 423.2 

X = 49.0 y = 1 1.98 ^ (.try) = 293.5 

1084.06 

The first values of x and y' belong to that portion of the 
moment area adjacent to Aa^. 

The last values of x and y' belong to that portion of the 
moment area adjacent to BH" ; and half of each product is 
taken, so that it may be multiplied by the full value of « = 
547 feet. 

The formula then gives : 

^ DEI 0.25 X 2000000 ^ / I V J. 

7a = — >j-7- = = 1 13-3 tons (nearly).* 

n^yx 4411.30 ^^ ^ ^^ 



♦ The method by deflection polygon given in the next Article, produces a re- 
sult essentially the same as the one above. 

BC is the pole distance laid down to a scale of 400,000 foot-tons to the inch, 

. — I 0.62 X 400000 ^ ^ 

.'. 7» = 2- X 1- = 113.6 tons. 

4 X 16.1 X 5.47 6.2 

The agreement is much closer than can ordinarily be expected with the scales 
used. 



The difference between the results of the two methods Is 
137.00- 113-3 = 23.7 tons. 

This difference is by no means small, and shows how care- 
fully the approximate method ought to be used. 

With a wrought-iron rib, the deflection taken, 3 inches at 
the middle of the span, belongs to a change of temperature 
of about 165° F., a very extreme case, which accounts for the 
lar^e values of 7\. 

This shows, however, in a very marked manner, the impor- 
tance of putting together an arched rib at about the mean 
temperature, for then the variation of temperature to be taken 
in the calculation of thermal stresses will only be about half 
the variation between the extreme limits. 

The effect of 7\ is the same as if that force were applied at 
m and acting toward H" for the portion Bm fixed at B, but 
applied at tn and acting toward m' for the free-end portion 
(so considered) mA. 

The change of temperature, 165°, changes the radius from 
75 feet to 74.536 feet, and increases the length of the curve 
0.122 feet. 

Art. 61.— Thermal BtresBes in the Arched Kib with Siida FraM,^^| 

The method to be used in the present case is somewhat 
Rdiortcr and simpler than the one used in the preceding, but 
r ivill probably not give as nearly correct results when the scale 
used is small. 

• The figure to be used is that shown in PI. VIII., and the 
curve BAD is precisely the same as that shown in Pis. V,, 
VI.. and VII. 

For the sake of greater accuracy, the curve BA will be di- 
vided into ten equal parts. There will then result, n = bbi = 
b^bt = etc., — 5.47 (nearly) feet. 

Since BD is the true position of the closing line for free 
ends, the effect of the variation in the temperature will be 
the same as that of a horizontal stress, T"* , whose. line of 
action is BD, and which will produce a deflection equal to 
the thermal deflection. What maybe called the " thermal 



THERMAL STRESSES IN ARCHED RIB, 237 

moment/* therefore, at any point will be equal to 7i multi- 
plied by the vertical ordinate of the curve at that point, or 
-^= Tj^y'. The moment at b^, for instance, is J/= Tj^ x^j/Zj. 

Supposing the rib to be of wrought iron, a change of tem- 
perature of 137° F. will cause the length to change from 
109.454 feet to 109.556 feet, and the radius from 75 feet to 
74,67 feet ; the corresponding upward vertical deflection at 
crown A will be i^ inches, or J of a foot. 

Let the two general equations be compared : 

2Px = Ti/. 
2nMx = 2M'x = £1. D. 

From these two equations it is seen that if M' he taken as 
vertical loading, and £/ as pole distance, then the ordinates 
of the resulting equilibrium polygon will represent the deflec- 
tions according to the same scale by which x is measured. It is 
important also to notice that M' and EI are of the same de- 
nomination (foot-pounds or foot-tons, as the case may be), 
consequently M* is to be measured in the satne scale as t/iat ac- 
cording to which EI is laid down. 

Since nM ^ wT^^y (n being constant), the vertical ordinates 
of the kind (^«) are proportional to the moments Af or J/', 
and they may be taken to represent those moments ; since, 
however, that would carry the lower extremity of the load 
line B — 10 off the diagram, one third only of those ordinates 
will be taken in the plate. 

As before, Elvf'xW be assumed to be 2,000,000 foot-tons, 
and the scale according to which it is to be laid down for the 
pole distance at 200,000 foot-tons to the inch. Hence make 
EHF parallel and equal to BCD. Since BD is ten inches in 
the diagram, EF is the pole distance, and F will be taken as 
the pole. 

As in the case of the same rib with external loading, the 

n 
half intercept at the distance - from B will be neglected. 

4 
Make Ei equal to \{\AC\ 1-2 equal to \b^n^y etc., and 

construct the polygon aaia^ H in the usual man- 
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ner. BA is divided into ten equal parts for the sake of greater 
accuracy. 

The polygon thus constructed will represent the actual de- 
flections to a scale of lo feet to the inch. 

Now Ea is equal to 1.12 {3.32 inches on the original draw* 
ing) inches, or 1 1.2 feet full size, whereas it ought to be but 
0.123 foot ; and since the pole distance is to remain the same, 
the moments must be reduced in the ratio of J to 13.2 ; or the 



5—^. The reduction for the bending moment at ^, there- 

, . , .^ „ ^ 0.6^6666 X 200000 . ,- 

fore, IS J ^6 X 200000 -h 89.0 = —^ 5—^ , smce AC 



equal to 1.91 inches. Hence, 



M o.6i6666 X 200000 , 

= — — = ■■ — ^— ? = 74-40 tons, 

y 8g.6x 19.I '^^ 



But since M' = nM : 






13.6 tons. 



J 



This operation may be considerably shortened by remem- 
bering that 0,636666 -^ ig. I = 1 ^ 30, and that this ratio is 
constant for all points. If, therefore, the moment at any 
other point, as b^, be taken, precisely the same result will be 
obtained. 

The method used in the preceding Article gives, at least 
approximately, the same result. Taking Bn. Bn^, etc.. for 
the different values of x, and bri, b^n^, etc., ior y, there will 
result : 

X = 4.0 feet. 



y= 3.7 feet, 


. a-y= 14.8 


y = 6.8 •■ 


xy = 49.6 


y= 9-S " 


j-y = 101.6 


y = 12.0 " 


. xy = 183.6 
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jr = 23.1 feet, y' = 14.2 feet, /. x/ = 307.:! 
X = 28.2 " y = 16.0 " .-. xy =425.8 

X = 33.6 " y = 17.4 " .-. ^y = 5544 

X = 39.0 " y = 18.3 *' .-. xy = 643.5 
X = 444 " y = 18.9 " .-. xy = 799.2 

With these values the partial summation is : 

2nyx = n^yx = 16846.00. 

A product for the moments adjacent to B is nearly : 

'0.92 X I X 2.73 = 2.51, 

Another for those adjacent to ACis nearly : 

19. 1 X 48.64 X 2.73 = 2536.5. 

Taking the sum of these results for the complete AunuUii* 
tion: 

^ DEI 0.125 X 2000000 , , , 

7a = >:= — r- = r~rorz::: =13.0 tons (nearly). 

* ^nyx 19385.00 ^ \ J ' 

The polygon /r, ai, a^, a^y . . . . H is an exaggerated n*prf- 
sentation of the movements of the points bj d^ b^^ etc., \\\\v\\ 
the temperature is changed 137° F. 

In all cases, as large a diagram as possible must he* used, jii 
order to reduce the scale for the pole distance, sd ihiU lluil 
distance may be the largest possible. 

The use to be made of T^ will be shown farther on. 

Art. 62.— Arched Rib with Fixed Endi — / and 91 VariabU. 

The rib to be taken in this case, and the loadini.;, an* pre* 
cisely the same as taken in the preceding cases. As hrlmi', 
the centre line is divided into ten equal parts i)f lo.«)5 Wv\ 
each. The data are therefore the following : 

Span = 100.00 feet. 

Radius = 75.00 " 

Panel fixed load = 4.00 t()n.s. 
Panel moving load = 10.00 " 
Centre rise of rib = 19.10 feet. 
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The moving load is supposed to cover the half span BC. 

The figure to be referred to is that shown in PI. IX. 

The point h is midway between b and b", while k is mid- 
way between b" and b". 

The moment of inertia / of the cross-section of the rib will 
be taken as 3,000,000 foot-tons throughout Bh, 1,777,778 foot- 
tons throughout //i, and 1,600,000 foot-tons throughout >6i4. 
The same values hold for similar portions of AD. 

1, 2, 3, etc., .... 10, is the load line, and 5Cthepole distance 
of the equilibrium polygon Ea^ Ca-, F. That polygon is drawn 
in precisely the same manner, in fact, is precisely the same 
one as that shown in PI. V.; the radiating lines drawn from 
Care, therefore, omitted. As the ends are fixed, EF cannot 

be the closing line ; but the condition ^ * -^-j — o must first 

be imposed. 

It has already been shown that for any point in the arched 
rib the moment M = Ma~ jIA 

Hence if /[be the moment of inertia for the portion 2Akoi 
the rib, there may be written: 

For B/i, i has the value 
and forAi, the value 



The closing line //Kmitst be s 



2 p mJI/„ = o. 

But for the equilibrium polygon EoiO^, etc., the summatid 
2 ^ mMa has the value : 

2^ niMa = o.8«' X W -f- 0.8h x Otc' •¥ cgw x <7„f'' - 
c'a^ — w X (^Vi — w X c'C — « X c^a^ — « x c^a, — O 
c'^Oi + o.8« X a^^ + o.8«' X v"'v"= o. 
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On the curve BAD the distance 5* is - = J x Bd\ and H'v 

4 

IS taken vertically through d; also D6^ = Bd and ATV" is 
drawn vertically through d\ From the location of d and ^* it 

follows that «' = — , consequently n may be canceled from the 

series by writing — and instead of the whole quantities 

themselves. 

If vv be taken at 1.04 inches and z/'V at 0.66 inches, the 
above summation (after dropping n in the manner shown) 
gives a result of — 0.02 of an inch only. This agreement is 
sufficiently close. 

The vertical intercepts and their products by /, are the fol- 
lowing : 

+ 0.8 X — = + 0.8 X ^^ = -t- 042 



+ 0.8 X aic' = + 0.8 X 0.56 = + 0.45 

+ 0.9 X a^" = + 0.9 X 0.06 = + 0.05 

— I X a^"' = — I X 0.30 = — 0.30 

— I X a^c?^ = — I X 0.50 = — 0.50 

— I X Cc^ = — I X 046 = — 046 

— I X a^^ = — I X 0.31 = — 0.31 



— I X a^ic^^^ — I X 0.10 = — o.io 
+ 0.9 X ^78^^"= -h 0.9 X 0.15 = + 0.13 
+ 0.8 X a^ = H- 0.8 X 0.42 = + a34 

+ o.8x?:^ = + o.8x2:^=+o.26 

2 2 

The other condition for the closing line HK is 2^?tMatx = o. 
16 
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Taking the products of the ordinates {nMi) of different signal 
by their horizontal distances from DK", as was done in Art. J 
4S, there will result the sums + 91.8 and — 90.5. The alge- 
braic sum is only + 1.3, which is near enough to zero. HK 
will therefore be taken as the proper closing line. 

The condition which locates the closing line H"K" is 
similar to that which placed HK ; it is the following : 



:^^nBU=O.Z X 2«' X H'b + 0.8 



- 2« X i"V( — 2K ! 



cj> + 0.9 > 
^V| — nx Acs = o. 



'2// X(-^" 



Since the curve BAD is symmetrical in reference to AC, 
the line H"K" will evidently be horizontal. For the same 
reason, 2k' and in are written in the summation in ail its 
terms except the last. As before, «' is one half «, and by so 
writing it, n may be dropped from the series. 

By making .•f(rs = 0.58 inch, the summation (after dropping 
«) gives 2.18 — 2.16 = 0.02 only; H"K" will therefore be 
assumed to be the proper closing line for BAD. 

The vertical intercepts and their products by t aretbe fol- 
lowing : 



<o.8 > 



= 0.90 



2 X 0.8 X b'cx = 2 X 0.8 X 0.66 = 1.06 

2 X o.g X i'Vj — 2 X 0.9 X 0.12 = 0.22 

2 X b"'c^ = 2 X 0.27 = 0.54 

2 X i'Vi = 2 X 0.52 = 1.04 

Acs= 0.58 = 0.58 

As before, since the curve BA D is symmetrical in reference 
to A , the two conditions Sj^niAft = o, and S^niMirX — o, are 
equivalent. 

The equation expressing the condition that the horizontal 
deflection of D in reference to B is nothing, is the genera 
one already given : 
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Or, as in preceding cases : 

The quantity «i is any standard value of ;/, just as /j is a 
standard value of /, and r is such a variable ratio that for any 

section « = r«i or r = — . In the present case «i will have 

the value lagS feet; consequently r will be unity for all 
sections except dy and for that one it will be ^. 

The ratio r might have been used in the previous summa- 
tions of the present Article in exactly the same manner and 
with exactly the same values as in the present one. 

The ratio i has the same value as before. 

The principles on which the remaining constructions are 
based are precisely the same as those shown in the preceding 
Articles; the difference in the construction itself is simply 
this, that riA/a and riJ/f, are taken instead of J/^ and J/^. In 
other words, r and >, in general, in this case, have values dif- 
ferent from unity, while in the preceding cases r = 1 = i. 

The following are the values of (riA/a) • 

i X 0.8 . ( w' + v'v") = At ; 
I X 0.8 . ( a^c + a^) = //' ; 
I X 0.9 . ( a^" - ^gf^ *) = /'/" ; 
I X I .{-a^'" -a-jc"^') = -/Y"; 
I X I .(-rt'/^ - a^c^^) = - /"/*^; 

I X I X CV^ = /*M. 

Draw radial lines from C to the points / ; then draw the 
horizontal lines bC'\ b'dxd\ b"dx'd'\ etc. Cdi is parallel to 
Ct ; didi is parallel to Ct' ; d^'d^" is parallel to Ct"y etc. 
CC'didi'di'di^di is then the deflection polygon for the mo- 
ments Ala- 
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The following are the values for (rt<W»): 

^xo.8x2//'A = As\ 
I X O.S X 2b' c^ = si ; 
I X 0.9 X 2i"r, = jV ; 
IX I X (- 2b"c^= — j'V"; 

IX I X (— 2*'%)=: — yy*; 

IX I x(-^fs) =-j'M. 
The point A belongs to the curve BAD. 



The 



sides of the deflection polygon C"d'd"d"'d^d'' 



parallel to radiating li 

Ad^ represents i'^rjjJ/o^, and Ad'' represents S^riAf^y. 
Since the first is less than the second, the moments M„ must 
be increased in the ratio of Ad^ to Ad"". Hence on ^C pro- 
longed, make CM equal to Ad^" ; draw MN parallel to BD 
and with a radius CN equal to Ad'' find the point N. Pro- 
long the line CN; this line will enable the true moments M^ 
to be determined in the manner already shown in the other 
cases. 

Draw c'p parallel to BD, Csfi' equal to Cp will give a point 
a' in the true equilibrium polygon. Again, Ck" equals KF, 
hence K"d', equal to Ck'", gives the true point «*. 

Also, Cg is equal to HE \ and H"a, equal to Cp', gives the 
true point a. All points in the true polygon might be thus 
determined, but it is advisable to check by the other method 
already shown. 

For this purpose draw CL parallel to HK, and LC parallel 
to BD. Then make CP equal to BC and draw OP parallel to 
BD. Take LC equal to CO. C is the pole and LC the 
pole distance of the true equilibrium polygon. Finally draw 
radiating lines from C to the load points I, 2, 3, 4, 5, 6, 
etc. Starting from any point already determined, as a, draw 
aa' parallel to Cio; a'a" parallel to tT'g ; a"d" parallel to 
t"'8, etc. The different points found by the two methods 
ought to coincide. 

The polygon (i(7'ii"i7"'(i"a''a^a^V"n'*«' is the true equili- 
brium polygon, which was to be found. 
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C'L IS 3.86 inches ; hence 2"*, whose line of action is H"K" 
is equal to 3.86 x 15 = 57.90 tons. 

In the determination of the thermal stresses the same fig- 
ures will be used, and there will be supposed such a change 
of temperature that the point A will suffer a vertical deflec- 
tion of 1.5 inches or 0.125 of a foot ; the same, in fact, as was 
supposed in a previous case. 

As the ends of the rib are fixed, the general conditions, 

2^riM=:0; and 2^riAfy = S^riMx = o hold as well for 

thermal stresses as others. Consequently I/"K" will be the 
line of action of the horizontal stress 7]^, induced by the 
variation of temperature. 

As before, let y denote the vertical ordinate of any point 
in the curve BAD from the line H"K", then there may be 
written : 



In order to save confusion in the figure, ^ will be taken at 

its previous value 10.95 feet. 

Also, 

Ell = 1600000 foot-tons ; 

D =0.125 foot. 
A half of the moment at A will be supposed applied at a 

Mm 

point e distant — from A on the curve BAD, and none at 

all at^. 

The co-ordinate x will be measured from c^ towards AT". 
The following values then result : 

X = 2.72 ft. r/y = i X I X 5.7 = 2.85 riyx = 7.752 
X = 10.90 " riy = I X I X 5.2 = 5.2 ri/x = 56.68 
X = 21.7 " ny = I X I X 2.7 = 2.7 riyx = 58.59 

123.022 



' '-. /■- 




~^6o.ji6 



^^riy'x = 123.022 - 460.716 = — 337-694- 

The negative sign will be dropped hereafter, as it reft 
simply to the direction in which jk was measured. 
Making the substitutions: 



'-. = 7 



16000 00 

: 337-694" 



I 



polygon gives nearly the 



The method by the deflection 

same result, as will now be shown. 

Comparing the two equations : 

Sn^riMx = EI^ . D, ^| 

it is seen that if EI^ be taken as the pole distance in the 
deflection polygon. Hir/il/must be the general expression for 
the load at any point. 

Since £/, is r,6oo,ooo foot-tons, CD will represent it at 
320,000 foot-tons per inch ; and that will be taken as the pole 
distance. Z? — 3, measured downwards, will be the load line. 

If the loads were taken at 10.95 x riM, or 10.95 r/j', the 
lower limit, 3, of the load line would not be on the diagram. 
The loads will therefore be taken as i,riy' and a proper reduc- 
tion will be made afterwards. Hence, make 



D-\ = 


4riy'= 4 x 0.285 inches 


I — 2 = 


4rl>'= 4x0.52 


2 -3 = 


4"> ' = 4 >; °-27 


3 -4 = 


— 4ry''= — 4 X 0.108 " 


4-5 = 


_4r<>-= - 4 X 0.528 " 
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The values of riy' are taken from the table immediately 
above. 

By drawing radial lines from C to the points i, 2, 3, 4, 5, 
the polygon Cdid^d^d^d^d^d^ is formed in the usual manner. 

The deflection Dd^ measures 2.67 inches or 26.7 feet, full 

size. Since — = 2.74, the deflection with the true moment- 

4 

loads would be 26.7 x 2.74 = 73.16 feet, whereas it should be 
but one-eighth of a foot. Hence, measured by the same scale, 

the quantities ;/ir>J/must be -z of those taken in the 

o X 73'^^ 

figure, the pole distance CD remaining the same. 
Since M = Tj^\ there may be written for the point A : 

10.95 X riT^y = 10.95 X 0.285 X 320000-5-8 X 73.16. 

As r = i, ^' = I and y = 5.7 feet there results : 

Tk = 547 tons. 

The deflection at other points might be used in the man- 
ner already shown in a preceding Article. 

It is thus seen that the constructions are equally simple in 
principle whether r and / are constant or variable. 

If the ends had not been fixed, it would only have been 
necessary to use the condition 

Art 63^ — ^Determination of Stresses in the Members of an Arched Rib— 
Example — ^Fized Bnds — Oonsideration of Details. 

It has been shown, in the preceding Articles, how to deter- 
mine the horizontal tension 7\ in the various cases which 
may arise ; the method of using this horizontal tension in the 
determination of the stresses in the individual members of an 
arched rib remains to be shown. 

For this purpose there will be taken the rib shown in PL 



• - • 
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^■' Fig. 3, having ends free, (, e,, free to turn about the points 

J/ and L. 

The curve which has hitherto been used, and called the 
" centre line " of the rib, is the centre line of the neutral sur- 
face of the arched rib considered as a beam ; consequently the 
centres of gravity of the various cross sections of the rib must 
be found in this " centre line," in ail cases. In other words, the 
" centre line" which has been used in the preceding articles 
is the locus of the centres of gravity of the normal cross sec- 
tions of the actual rib. 

In the rib taken as the example, PI. X., Fig. 3, the apices 
in the upper and lower chords lie in the concentric circum* 
ferences of circles having radii of 78 and 72 feet, respectively ; 
and the centres of gravity of the normal cross sections will be 
supposed to lie on the circumference of a circle having the 
same centre, whose radius is 75 feet. Thus the centre line is 
precisely the same as has been used in the preceding Articles. 
The same span and loading will also be taken. 

The extremities of the span, or points AT and L, at which 
the horizontal tension or force is applied, must lie in ike 
centre line. 

All the loading will be assumed to be applied at the apices 
of the upper chord, although the operations would be exactly 
the same if the fixed load were divided in any proportion be- 
tween the two chords. 

The apices of the triangles of the web system were located 
as follows: As was done In finding 7"*, the centre line was 
divided into ten equal parts. The upper chord panel points 
are vertically over those points of division. The upper chord 
panels were then bisected, and radii were drawn through these 
points of bisection. The lower chord panel points were taken 
at the intersections of those radii with the circumference of 
the circle whose radius was 72 feet. 

There is only one point to be observed in forming the chord 
panels, ('. <•., the panel points must be so located that the load 
will act exactly as was supposed in determining 7"». 

The following loads will then be assumed to act through 
the upper chord panel points : 
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7 tons at the intersection of I and 3 ; 
14 " ■' '■ intersections of 4 and j, 6 and 7, 8 and 9, 10 

and 1 1 ; 
9 " " " intersection of 12 and 13 ; 
4 " " " intersections of 14 and 15, 16 and 17, 18 and 

19, 30 and 21 ; 
2 " " " intersection of 22 and 24. 

As the ends are free, Z — lo = 50.7 tons in PL VI,, gives 
the reaction R at the left end of the span, or at L in the ex- 
ample. Also i — 1 in PI. VI., gives the reaction as 30.3 tons 
at M in the example. In Art. 49 it is found that 7^ = 52.5 
tons for this case, and the two methods in Art. 51 give the 
thermal stresses in the horizontal tic as 13.6 and 16.7 tons. 
The thermal tension will be taken at 15 tons. The total ten- 
sion in the tie will then be 52.5 + 15.00 = 67.5 tons, as 
shown. 

It is a matter of no consequence whether the tie exist or 
not. If it does not exist, the abutments at M and L must 
then supply the horizontal force of 67.5 tons. 

Fig. 4 of PI. X, is the complete diagram for the stresses 
with the load taken ; it is drawn to a scale of 20 tons to the 
inch, nearly. The lines indicated by letters or iigures in the 
diagram are parallel to the members of the rib indicated by 
the same letters or figures, though the parallelism is not ex- 
actly shown in the plate for all the lines. 

With the following explanations relating to the diagram, 
little more is needed : 

a'b' — b'd = c'd' — d'f = 14 tons. 
o'ti = H'm' = m'k' = k'k = 4 " 

/,/'= 9 ■• 

?■«' = ( + 7- 
/V = (24) + 2. 



at' is the reaction R, and e'o' is the reaction at M, while 
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e'P is the horizontal tension 67.5 tons. Although the d[agra^ 
appears very complicated, yet, it is really composed of 1 
simple _^i'c-sided figures, as may easily be seen. Let the rib ' 
be divided through c, y,B, and T\ then the portion of the rib 
between that surface of division and L is held in equilibrium by 
the action of the stresses in the members divided (considered 
as forces external to that portion), the applied loads, {7"), and 
the reaction R. The resultant of the loads and .ff is a verti- 
cal shear represented by e'c' in the diagram. The forces act- 1 
ing upon the portion of the rib in question are then repre 
sented by the lines ec\ ( 7"), {B), (7), and (e) in Fig. 4, and the! 
constitute a simple five-sided figure. The arrow heads shm 
the direction of action of these forces, and enable the kinda 
stress to be recognized at a glance. 

The whole diagram is thus composed of just such ] 
tagons. 

As a check on the accuracy of the construction of ■ 
diagram, if it is worked continuously from L to M, the fouiij 
sided figure involving {T), {23) and (24) should exactly closcS 
It is far more conducive to accuracy, however, to work up! 
the diagram from both ends, and if the work has been accu-' 
rately done, the diagrams will give the same stress in that 
member which becomes common to both where they meet. 

The stresses, as determined by the original diagram from 
which Fig. 4 was constructed, are written in Fig. 3. 

If an arched rib is subjected to a load, advancing panel hfm 
panel, the stresses due to the fixed load alone may first be <]» 
termincd and then tabulated. The stresses in all the meipi^ 
bers of the rib due to each panel moving load may then 1 
found and tabulated also. The greatest stress of either kin^j 
in any member may then be determined by a combination a 
these results in the usual manner. 

Some of the stresses found by diagram should be check« 
by moments in the following manner. The horizontal dis 
tances of the panel points, in the left half of the rib holdin) 
14 tons each, from a vertical line bisecting the span and pas 
ing through the intersection of 1 2 and 13, are 10.9 feet, 2lJ( 
feet, 32 feet, and 41.5 feet. The normal distance fro 
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"the intersection of (12) and (13) to E, is 6.15 feet (by scale). 
Hence, taking moments about that intersection, 

^E> _ 507 X 50 -> 14 (10.9 4- 217+ 32 +41-5) - 67-5 X 2 2.1 __ 

^^^ 6:75 ' - 

— 72 tons. 

The diagram gave 72.5 tons, and the agreement is suffi- 
ciently close. 

On account of the ill-defined intersections of the prolonged 
chord sections in any panel, the method of moments for the 
web stresses is not satisfactory unless one chord stress in the 
panel is known. The web stress can then be found by mo- 
ments in a manner to be presently illustrated. 

Again, let {G) be determined by taking moments about the 
intersection of 16 and 17. Draw a vertical line through that 
point. The horizontal distances of the three upper chord 
panel points on the right of that line, from the same, are 
10.3 feet, 19.8 feet, and 28.5 feet (by scale). In the same 
manner the vertical distance of the point above Tis 19.25 
feet. Hence, 

,r\ 30.3 X 28. 5-4( 10.3 + 19.8) -67.5 X 19.25 _ 
(C?)= 6.1^ 

— 90.5 tons. 

The diagram gave 95 tons, and the agjreement is not close. 
This illustrates in a marked manner the great fault of the 
graphical method. In constructing the original diagram, 
shown by Fig. 4 of PI. X., the rib was drawn to a scale of 5 
feet per inch, and the diagram itself to a scale of 10 tons per 
inch, and although the gjreatest care was taken, yet the stresses 
found for the right half of the rib may, in some members, be 
wrong to the extent of even twenty per cent. The method 
requires the largest and most accurate figures possible, and 
the very nicest instruments, for extended diagrams. 

By far the most accurate, and, all things considered, the 
most satisfactory method, is the combination of moments and 
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diagram, so freely used in the treatment of bowstring trusses. 
In this method a stress in either chord is found by moments, 
the other two stresses (one a chord and the other a web) in 
the same panel are then immediately found by a simple five- 
sided figure or diagram. 

The chord stresses (£) and (ff) have just been found. In 
Fig. 1 take bd equal to 67.5 tons and parallel to T, and make 
dc (parallel to £ as well as 7 } equal to (£) = — 73.00 tons. 
A section is supposed to be taken through the panel in which 
f, 13 and E are found ; consequently the vertical shear 5 = 
50.7 — 65.00 = — 14.3 tons. The remainder of the diagram ^ 
needs no explanation. It gives: 



. S - f'f.J.esn* 



(13) = — 20.3 tons; 



(/)= + 17-4 tons. 



I 



Fig. 2 is drawn in precisely the same manner by usin^ 
(C) = — 90.5 tons, which has already been determined by 




the moment method. 
and h. 

Fig. 2 gives: 

(17) = -S-5 tons 



Fig. «. 
The section is taken through GA 



(A) = + 23.0 tons. 



All the other stresses may be found in the same mannei 
The difference in the case of (A) between the results ' 
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WO methods Is four tons, or about 17 per cent, of the smallest 
>sult. 

I By the method of Figs, i and 2 accurate results may be 
Stained by taking a scale of even twenty tons to the inch, 
Alt a larger diagram is preferable. 
If the ends of the rib are fixed, the shortest method of find- 
\ the stresses is in no way different from that given in con- 
ation with Figs. I and 2, excepting this; the chord stress 
hich is found by moments will have a different value. If 
ifae ends are fixed. /&■ reaction R. at the left end of tlu span, 
ill be L — 10 of PL V, ; and tlu Iwrizontal tetision {7") zvill be 
' /fl^c« aj 54.8 + 113.3= '^8.1 tons, from Arts. /\% and ^o. 

The line of action of 7i for both external load and thermal 
stresses is //"A"' of either PI. V. or Pi. VII.; let PI. V. be 
considered. 

The action of 7"» through 7/" (taken as acting toward K''), 
so far as the rib BAD is concerned, is equivalent to 7"* acting 
through B toward D, combined with a right hand couple lohose 
force is 7"» and whose lavr arm is BH". Let the moment of 
this couple be called M. This moment will cause compression 
throughout the upper chord of the rib and tension throughout 
the lower. 

Let jl/i represent the moment (of the external forces and 
r,) about any panel point of the rib, as F, Fig. 3 (the reaction 
and T^ being taken for the particular case, as just indicated), 
Then any chord stress, as {BE), will be 



{BE) 



M+M^ 



», being the normal depth of the rib, as shown. Particular 
care is tp be taken in regard to the signs of AT and J/,, i. e., it 
is to be noticed whether they tend to produce the same or dif- 
ferent kinds of stress in BE. 

After (BE) is found, the diagrams are to be drawn precisely 
like Figs, i and 2, and the resulting stresses, scaled from the 
diagrams, are the ones desired. 

The following, but longer methods, may also be used : 
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The first portion of the operation is simply the application 
of the method by diagram, or the combination of moments 
and diagram, already given in connection with the case of 
ends free. 

All the individual stresses in the rib are to be found in this 
manner; those for the tcrd mniibers arc the true xvcb stresses 
desired if the rib is of uniform normal depth. The chord 
stresses thus found are, however, in all cases, to be modified. 

Let the normal depth of the rib at any section be «i ; the 
distance BH", PI. V.. h" ; and the general expression for any 
chord stress due to the moment Al = T^h", c. 

Then will result : 

M TJt' 



«i 



«i 



Then let {c) be the general expression for any chord str« 
ali^ady found without considering the moment iJ/; then 
merical value may be either positive or negative. Final 
the resultant chord stress desired will be, for the upper choAH 



W-t = M- 



and for the lower, 



(.) + r = (0 + 



T^h' 



TJi' 



If the rib is of uniform normal depth, i.e., if »i is constat 
the web stresses will not be affected by the moment jW", for] 
(the moment M) will cause uniform chord stresses throughoi 
the rib. 

If the normal depth, however, is not constant, the momei 




.^will cause web stresses which may be determined very a 
curately in the following manner : 
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Let it be cjesired to determine the stress in the web mem- 
ber DF of a portion of an arched rib, shown in Kig 3, and let 
w denote that stress. The stress in DE is r, found by the 
method just given. 

In Fig. 4, take {DE )=c and parallel to DE in Fig. 3. The 
lines (GF) and (DF) in Fig. 4, are then parallel to OF and 



rnjp) ' c vz, jiy . ^ 



Fig. 4. 



7 — ^^ 



DF in Fig. 3, and they are the stresses in those members. 
All the web stresses and the chord stresses in one chord may 
be thus found. This operation is simply the method of Figs. 
I and 2 applied to this case. 

The web stresses may be found by using moments, only, in 
the following manner : 

Take A as any convenient point in GF. Let /, represent 
ABf and 4, AC\ these lines are normal to DE and DF re- 
spectively. 

Let M be still considered right-handed and positive, and 
let it first be assumed that c is compression. Moments about 

A give : 

-r/i + 7;//' 
tt/ = — — = — . 

If c is tension, or belongs to a panel in the lower chord, 
then («/) will be the stress in a member like DG. There will 

then result : 

- cl, + 7;//" 

w = ■ — . 

In either of these formulae, (tc) will represent tension or 
compression according as the result is positive or negative. 

Let {w) represent any web stress already found by neglect- 
ing M, then will any resultant web stress desired be : 

{w) + tc/; 

the signs of both these quantities being implicit. 



/ . 



ARCHED RIBS. 

As the lever arms /, , /j , and i«| are >scaled from the draw- 
ing, the rib should be laid down as accurately and to as large 
scale as possible. 

In important cases these different methods should be used 
as checks. 

A very common system of bracing for arched ribs, although 
a very unsatisfactoiy one, is that shown in Fig. 5. The web 




Fig. 5. 

members, bB, cC, dD, etc., are normal to the centre line of 
the rib, and are designed for tension only. The other web 
members are for compression only. 

Let the ends be supposed free, and take AOP ior the true 
equilibrium polygon for a given load. 

For any given loading the stresses in the different members 
are indeterminate, unless about half of the compression web 
members are neglected. 

With the assumed position of the equilibrium polygon AOP, 
for instance, it is seen that compression will increase in the 
upper chord from b \.o d (nearly) ; from that point to g 
(nearly) it will decrease. The compression in the lower chord 
will increase from G to L (nearly) and then decrease from 
that point to TV. The points of greatest chord stresses of 
either kind are those at which the polygon and centre line of 
rib are parallel. 

From these considerations it results that the web members 
bC, cD, De, Ef, Fg, Gh, Hk, Kl, IM, and mN may be omitted ; 
they must be omitted, in fact, if the stresses are to be deter- 
minate. Having made these omissions, the stresses are to 
be found by the methods already given, as those methods 
are perfectly general. 
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Precisely the same observations apply to the case of fixed 
ends, or to that in which the normal members are in com- 
pression and the others in tension. 

It is by no means certain that the stresses thus found will 
really exist in the rib, but the assumption is the best that 
can be made. This system of bracing is, at best, very un- 
satisfactory. 

The free ends of an arched rib are sometimes arranged, in 
regard to support, as shown in Fig. 5, PI. X. There are two 
ties or sets of ties, T' and T'\ instead of one, T^- A and B 
are the points at which these tics take hold of the rib. E is 
the intersection of AB and the centre line, EF^ of the rib. 
The span to be used in finding T^ for eitfur external loads or 
therfnal variation is the horizotttal distafue between E and the 
corresponding point at t/te otlier end of the rib. T\ 7^*, and 
T" are parallel to each other, and ac is normal to the three. 

Now if T' and T" are determinate, there may be written : 

T'=-T^; 
ac 

T" = "^ T,. 
ac 

In such a case the systems of triangulation in the rib may 
be separated, T' will belong to one and T" to the other. 
The stresses may then be found in each system separately, 
and the results combined for the resultant stresses of the rib. 
If the web members may be counterbraced, the resultant 
stresses are thus determinate. It is not certain, however, 
that the tensions T' and T" will have the values given above. 

For the determination of the stresses in the rib, however, 
it is not necessary to resolve 7\ into T' and 7"', except for 
the panel ABDC 

In the case of a design, if the dimensions required by the 
calculations of this Article give a value to the moment of 
inertia / very different from that assumed in the determina- 
tion of Tj^, for either thermal variations or external load, it 
will be necessary to make an entirely new set of calculations 
17 
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with another value of /. This must be done until the agreed 1 
merit between the assumed and required values of / is su& j 

ficiently close- 



Art. 64.— Arched Rib Fr«e »t Bods and Jointed at the Grown. 

Suppose the rib to be represented in the figure. 

Since there is a joint at A, the bending moments must be 
zero at that point; consequently the equilibrium polygon for 
any load must pass through that point. This fact furnishes a 




Fji;. 6. 

very simple method of determining T^. Denote by SPx the ■ 
moment of all the external forces about the joint A ; then, * 
since M must be equal to zero. 



2Px- T^{AC) = 



n = 



AC 



In this rib variations of temperature produce no variations 
of stress in BD, except that due to the slight change of AC, 
as shown by the formula above. This, however, is a very 
small quantity, and would ordinarily be neglected. If neces- 
sary, it would be allowed for by taking the value of ACaX the 
lowest temperature to which the rib would be subjected. 

Other arched ribs are seldom constructed, but they are to 
be treated by the same general methods, precisely, as those 
used in the preceding cases. 
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CHAPTER IX. 



SUSPENSION BRIDGES. 



Art. 66. — Ounre of OaUe for Uniform Load per Unit of Span — Snspen- 
aion Rods Vertical — ^Heights of Towera, Bqual or Unequal — Gen- 
eralisation. 




I 

Fig. I. 



Jn the figure, let EH'C represent the cable of a suspension 
bridge carrying a load extending over the whole span. In 
the ordinary experience of an engineer, the load carried by a 
suspension bridge cable is nearly uniform in intensity in 
reference to a horizontal line ; so nearly uniform per foot of 
span, in fact, that it is assumed to be exactly so, and such an 
assumption will be made in the present instance. 

The use of the stiffening truss, to be presently noticed, 
makes this assumption essentially true. 

Let {ED + BC) = / = span ; BH' = h^ ; DH' = A, ; 
w = load for horizontal foot, and let x be measured hori- 
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zontally from H', the lowest point of the cable. Tlie height 
of the highest tower is, of course, Ai, and that of the other k^ 

The ordinate of any point P is x, the load on H 'M is, con- 
sequently, W= wx. Draw PK tangent to the curve at P, 
then by the first principles of statics, it is known that the 
direction of the cable tensions at /"and H' and the direction 
of W must intersect in one point N. Since, however, iu is 
uniform along x, the resultant direction of W passes through 
N, half way between H' and AI. Hence FH' = H'K ; or, 
since FK is the subtangent, the abscissa, FN', of the curve is 
equal to half the subtangent, consequently the curve is the or- 
dinary parabola. 

Again, it is known that the horizontal component of the 
tension of a cable will be a constant quantity if the loading 
(as in the present case) be wholly vertical; let that compo- 
nent be denoted by H. 

Let GNPbe: taken for the triangle (right angled) of forces 
at P, in which NP represents the cable tension at P, GN the 
load, IF— wx and GPi\\e. constant horizontal component If. 

Then let AP be drawn normal to the curve at P; the 
triangles AFP and GNP v/iW be similar. There can now be 
at once written the relation ; 



AF 
GP~' 


FP 

' GN 


X 

wx 


= 


I 

w ' 


H 


. AF = 


H 


_ 


constant 



GP-- 

Now AF is the subnormal of the curve of the cable, 
since it is constant, the curve is the ordinarj' parabola. 

The preceding results may be generalized in a very simj^ 
and easy manner. 

If any two points, as P and Q, be considered fixed, aadfl 
the portion PQ of the cable carry the same intensity of loi 
■w as before, there will at once result the general case of a 
flexible cable carrying a load whose intensity, along a straight 
hne, and direction are uniform. There may then be stated 
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the general principle : If a perfectly flexible cable carry a load 
uniform in direction and intensity in reference to a straight 
linCj t/te cable will assume the form of an ordinary parabola 
^wse axis will be parallel to the direction of the loading. 

This principle finds its application in the case of a suspen- 
sion bridge with inclined, but parallel, suspension rods. 



Art. 66. — ^Parameter of Ourve—Distance of Lowest Point of Cable from 
either Bztremity of Span — ^Inclination of Cable at any Point. 

Attending to the figure and notation of the previous Ar- 
ticle, the equation of the curve, the origin of co-ordinates 
being taken at H\ is : 

^ = 2py ; 

in which 2/ is the parameter. 

Let BC = Xx and ED = jTo, then there may be written x^ = 

2pAi, x^ = 2plt^ and 2XxX<^ = 4/V//1//2. 
Hence 

{xt+xty=p=2p{Vh;'^v¥f=2p{h,+2Vhji^+/h) . . . (I). 

/« /a 

.'./=? — - .—— — r = v--^ . . (2). 

2{Vht + V//2 f 2{h, + 2 V//1 /i2+/h) 

If the towers are of the same height, then hi = A2 = A and 

^=u (3). 

Now Xi is the horizontal distance from the lowest point of 
the cable to that end of the span at which //^ is found, /. e., 
BC in the figure, while x^ is the other segment of the span, 
and by the equations immediately preceding : 

.,=_A/^_ (4). 
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It4,= iS,; n-x,= '- 



(5). 



• ■ (6). 



Referring to the figure, since KH' = H'F = y, if » is the 
inclination to a horizontal line, of the curve at any points, 
then X tan i=2y\ 



hence, tan i= ~ .• 



■.•=/: 



4/ 

IF 



At the summits of the towers : 



(7)- 



(8). 



If //, = A„ laii t\ = 



(9)- 



Art 67.— Remiltant Tension at any Point of the Cable. ^H 

In the first Article of this Chapter there was recognized the 
general principle that if the loading on a cable is uniform in 
direction, the component of cable tension normal to that 
direction will be constant at all points of the cable. In the 
present case the resultant tension at the lowest point of the 
cable will be this constant component //. 

From Eq. i, Art. 55, //= wAF. But AF\s the subnormal 
of the curve, and, from Analytical Geometry, it is known to 
be equal to one half of the parameter, or equal to/ (nsing the 
same notation as before). 

Hence, after taking the value of / from the previous 
Article: 



H=u'P = 



wn 



wi* 



T-rTTT • (0- 



2(^/(1 +VA,)' 2(//, + 2V'A,A,+A,) 



^H 
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Let R denote the resultant tension at any point, then by the 
triangle of forces GNP^ in the figure : 



R=ffseci=NA/i^ 



—J- . • • • (2). 



Eq. (2) gives the tension at any point. At the summits of 
the towers there are found : 



R, = ffA/i + ^^i (3). 



If At = ^, consequently Xi = X3 = -, then : 



If — g^, i?i = i?a = ^A/ ^ + "78~ • • ' 



(5). 



Art. 68. — Xiength of Ounre between Vertex and any Point whose Oo- 
ordinatea are x and ^, or at which the Inclination to a Horizontal 
Zine ia i. 

The usual expression for the length of a part of one branch 
of a parabola, beginning at the vertex, as determined by the 
integral calculus, may easily be put in the following form, 
denoting by c the length in question : 



Or, using the values for tan 1, sec 1, and /, determined in 
the preceding Articles : 

c=z^ \tan i sec i + hyp. log. {tan i + sec 1 ){ . . . (2). 



264 SUSPENSION SA'WGSS. 

The total length of the cable will, of course, be found by 
putting Xi and A, for x and j/ in Eq. (i), or ^ for i in Eq. (2) ; 
then ^3 and /(a for x and j, or 4 for i, and adding the results, i 

Denoting those results by c, and e, the total length will 
then be : , 



An approximate formula sometimes used is determined a 
follows. In the figure of the first Article of this chapter coa^ 
sider HP to be the arc of a circle, and let x and y be taken! 
as heretofore ; also let R be the radius of the circle. ThcJ 
ordinary expression for the length of a circular arc, in thai 
integral calculus, is : 



- (nearly), 



/» ^^- _ J * dx 



if X is small compared with R. Again, performing the divi- 
sion indicated and omitting all terms in the quotient after 
the second, there will result : 



/>('+i^^)=K'+6i) 



(3)- 



If y he omitted in the expression .t* = 2Ry —y^, and the 
resulting value of R be inserted in Eq. (3), there will at 
once be found : 



^(-f) 



As before, to find the total length of the curve, j'j and Aj, J 
and ^j and Aj must be inserted in succession in Eq. (4), andJ 
the results added. 

If the heights of the towers are equal to each other and tol 
A, the total length will be 



' ■ + 



8/1* N 
3'V 
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The expressions (4) and (5) are evidently not close approxi- 
mations except for very flat curves, in which case the nature 
of the curve is a matter of indifference. 



Art 69i. — ^Deflection of Cable for Change in Length, the Span Remaining 

the Same. 

The approximate formula (4) of the preceding Article is 
usually used in determining the deflection. 
The total length of the cable is : 

Differentiating : 



^(., + .,) = i(J-+'A)^A» . . . (,). 



dh = :^^X^^±i^ (2). 



(At + !h\ 



The variation in the length of the cable, whether arising 
from variation in temperature or any other cause, is to be 
put for d(cx + ^2) in Eqs. (i) and (2), then dh will be the cor- 
responding deflection of the lowest point of the cable. 

If the towers are of the same height, and, consequently, 

^1 = ^ti ^ ^ ^> -^1 = -^a = 2 ' 

2^/ri = — -j^dh (3). 



* Since hx — Aj^ = constant, dh\ = dh^ = dh. 



It is assumed in Eqs. (i) and (2) that the lowest point of 
the cable remains at the same horizontal distance from the 
ends of the span, though such is not really the case. 

The true deflection can only be found by trial by the use 
of Eq, (1) of the previous Article. 

Let (fi + (-j) be the known length of the cable before varia- 
tion in its length takes place ; then let h^, hi, x\ and j, be the 
original heights of towers and segments of span, also known- 
Let ^yi and_)'3 be the heights of towers above the lowest point 
of the cable after the variation in its length has taken place ; 
and let it be assumed, as before, that Xx and x% remain the 
same whatever the deflection. 

Let V be the variation in length of the cable. 

Then, since v = —{c^-^- Cj) + {ci -i- Cj + v): 



:t/' 



V' 



+ hyp. log. 



"J-. 



IL \ lyii/, + '^+ hyp. log. (^ 



(5). 



But there is also the equation of condition : 

J'l — Jj = ''1 ~ ''» = constant . . . (6). 

The value of /i or_y) may be taken from Eq. (6) and put i 

Eq. (5), there will then be but one unknown quantity in thi 
right member of that equation, and its value must be foundQ 
by trial. The first value of }\ or y^ taken may be A, 1 
increased or decreased, as the case may be, by dh given t 
Eq. (2). 
The deflection sought is, of course: 

yx-fh ^y%-f>^ 

If the new heights, ^j", and y^ are given, the variation <rf I 
length, V, will be at once given by Eq. (5). 



SUSPENSION CANTI'LEVERS. 267 

If heights of towers are the same, Eq. (6) will not be 

needed ; for making ;ri = ;r, = -, ^1= ^a , 2SiAyi^yx = A, there 

2 

results : 

-2<r, (7). 

In Eq. (7) h is then to be found by trial, as before, if v is 
given ; or if h is given, v at once results. 
The deflection of the middle point of the truss will be : 

It is to be noticed that in Eqs. (5) and (7) all the quantities, 
j^i, yxt and A, increase in the same direction with v. This ma- 
terially simplifies the approximation by trial. 

The determination of v in Eq. (5) might be made without 
assuming x^ and x^ to remain constant, for there are two other 
equations of condition : 

x{ H- xi = /, 
and 

X\ X2 

These, with Eqs. (5) and (6) would be sufficient in order to 
find the four unknown quantities, j/^, j,, Xi and x^'. 

Such a degree of extreme accuracy, however, is unneces- 
sary. 

Art. 60. — Suspenaion Oanti-Leven. 

In the figure, ABD represents a suspension canti-lever. The 
cable BC goes over either to another span or to an anchorage, 
while A is the end of the canti-lever. The cable AB is in 
precisely the same condition as the half of a cable belonging 
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to a span equal to zAD; consequently its tension R at any 
point and its inclination at the same point are to be found 
by the formulas already 
~ given. In fact, all tlwr* 

circumstances are pre- 
cisely the same except 
this, the platform W 
subjected to a thrust, 
uniform throughout its 
whole length, and equal 
to the constant hori- 
zontal component, H, of the tension R. 




i 



Art. 6]. — Suspenaion Bridge with Inclined Suspension Sods — Inclination 
of Cable to a Horizontal Line — Cable Tension — Direct Stress on Plat- 
form — Length of Cable. 

In this case the suspension rods, or suspenders, are aii sup- 
posed to be equally inclined to a vertical or horizontal line, 
and, consequently, are parallel to each other; they are also 
supposed to take hold of the platform or stiffening truss at i 
points equidistant from each other. These conditions cause 1 
the cable to be subjected, in each of its parts, to (he action | 
of parallel loading of uniform intensity in reference to the 
span. As was shown in the first Article of this Chapter, the 
curve of the cable will be composed of common parabolas 
having axes parallel to the suspension rods. 

In the figure, A is the lowest point of the cable, while BD 
and FG represent suspension rods on either side of A. The 




Fic. r. 
angle a is the common inclination of all suspenders to a ver- < 
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tical line, it also represents the inclination of the axis of 
either of the parabolas AC ox AE to the same line. 

The vertex of the parabola -^C is on the left of A, and the 
vertex of AE is on the right of the same point. 

Let X be horizontal in direction and measured from -4, and 
let the length of any suspender, as BD be denoted hyy, but 
let CPbe designated by ji. Either parabola, as -^C,will then 
be referred to oblique co-ordinates in the usual manner. 

If OB be drawn tangent to the curve at B, AO "wWl be 

equal to OD, or — . If i represents the inclination of the curve 

at any point, as ^, to a horizontal line, the triangle OBD will 
give : 

BD _2y ^ sin i sin i 



OD X cos (a H- i) cos a cos i — sin a sin V 

2y 



cos a 



tan i= — . . . (i). 

I H =^ stn a 



In the usual manner, sec i=z Vi + ian^ i, or, 



..=/ 



1+ 4Ji^.„^^4y 



sec t -=- f . . (2). 

2V . ^ ^ 

I H — ^— stn a 



At the point C, if CM = Aj, AP= Xi^ and AM= a, in Eqs. 
(i) and (2), Ai sec a is to be put for j/, and (^ — Aj fan ot) for x. 

Exactly similar equations apply to the other portion of 
the span. 

For the point Ay Eqs. (i) and (2) apparently become inde- 
terminate, but only apparently, for the relation, 



y _ //i sec a . . 

l?-{a^h^tanaf' .... U> 



El.":" 
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gives, 
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X ia-&j tan af 

and when ^ = o, consequently, — becomes zero, making Ian i 

equal to zero also. 

If OBD be taken as a triangle of forces, OB will be the 
cable tension E 3.t B ; while OD will be the horizontal com- 
ponent //, and BD will represent wx sf- a. w is the total 
load per unit of span on AD. 

From the triangle in question, 



H _ cos (a + 
wx sec a sin i 



H = 



'■)_ 



, H: 



zy' 

■u){a — hj tan a )* 
2h. ^' 



wx^ sec a ^H 
• • ■ ■ (4).^ 



As was to be expected, Eq. {4) shows H Xo be a constant 
quantity, but it is not a rectangular component in this case. 

The same triangle gives for the resultant tension at 
point : 



R= \/{wxsec a)* +//^ + Zzux H tana 



at aflS 



For the point C, x becomes (a — h^ tan «). 
If / is the span, these equations apply to the other portion 
of it, by taking Aj for h\, and (/ — «) for a' 

If the towers are of equal heights, A, becomes equal to ht, 

and a = / — fl — — . 
2 
Let/ be the horizontal distance between any two suspend- 
ers, then the tension, t, in that suspender will be : 

i = ivp sec a (6), ^| 

The direct stress in the platform is caused by the horizon- 
tal component of the tension in the suspension rods. This 
stress may exist as tension in the platform, in which case it 
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will exert no action on the towers. Remembering that all 
the suspension rods must, at any instant, be subjected to a 
uniform stress, it is evident that the direct tension in the plat- 
form will have its greatest value at the centre, and will be 
equal to 

nt sin a = nwp tan a ; 

in vblcb « is the number of suspension rods in each half of 
the span, supposing towers to be of equal heights. If n be 
the number of suspenders between the end of the span and 
any point, the tension in the platform at that point will be 

n't sin a = n'wj' tan a. 

If the towers are of unequal heights, there will be a greater 
number of suspenders on one side of the lowest point of the 
cable than on the other. Let «, be the number in that por- 
tion of the span adjacent to the highest tower, and »j the 
number in the other portion; », will be greater than nj. In 
this case, then, the platform at the foot of the highest tower 
will sustain a thrust given by the expression 

(«i — «,) / sin a = (m, — b,) wfi tan a. 

If the platform is to sustain a direct thrust only, at the feet 
of the two towers it will have to sustain thrusts given by the 
expressions 

»i f sin a = n{u>fi tan a 

Hft sin a = iit'cvp tan a. 

If n represents the number of suspension rods between the 
centre and any point, the thrust at that point will be 

n't sin a = n'lvfi tan a. 

In the case of a suspension cantilever, in addition to the 
thrust given above there will be one denoted by H, uniform 
throughout its length. Other calculations (or a suspension 
I cantilever are precisely the same as tho^ already given. 
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The length of the cable from the lowest point to any other 
point at which the inclination to a horizontal is i, is readily 
found by means of the formula used for the cable with verti- 
cal rods. In the present case the inclination of the cable at 
any point to a line perpendicular to the axis of the parabola 
is (/ + n) ; consequently there is simply to be found the lengtli 
of the parabolic arc between the points at which the i 
nations to the axis are (90 — (i + a) ) and (90 — a). 

The formula mentioned then gives 



= -■[tan {t + t*} sec (/+«) — ian a sec c 



hyp. 1 



■ '"^ {t +a)+sec (i+a) \ 



It is known from analytical geometry that / takes the fol 
lowing form in terms of the oblique co-ordinates used in t 



_ x'cos'a _ (a~A,tanafci>^a 
" ~ 2y ~ 2hi 

Eq. {7) is, of course, to be applied to both branches of tlw 
curve to obtain the total length. 

From what was said in the demonstration of the approxi 
mate formula, it may be seen that it can be applied to tlw 
present case by changing x to {x + y st'/i a) and, j' ioycosa 
The formula then becomes: 



2j^cos'a 

i- ysma H — ;- -- — -. — r 



(8)., 



Art. 62. — BuspenBlon Rods; LengUu, and StreBiM. 

In the following calculations it is virtually assumed that tha 
cable lies in a vertical plane, and that the suspension rods aw 
vertical. This, however, does not affect the generality of thi 
results obtained, for in all cases the suspension rods are supl 
posed parallel to each other, and the lengths found by t 
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formulae of this Article are to be taken as the vertical pro- 
jections of the true or actual lengths. The true lengths are 
therefore to be found by multiplying the values of //q, //i, h^y 
etc., by the secant of the common inclination to a vertical 
line, of the suspension rods. 

Since a flat parabola nearly coincides with a circle, the 
camber may be supposed to be formed by a parabolic arc. 
Let the co-ordinate x be measured from A toward B, in Fig. 
14, PL XII., and y perpendicular to it; also let AB = Xi = 
lialf span. Then since the curve of the cable is supposed to 
be a parabola in a vertical plane : 

*\ 
In the same manner for the camber : 

Then the total length of any suspender is: 

A=y -f-y + c. 

When the suspenders are separated by a constant distance, 
rf, simpler formulae may be found. 

Each suspender is composed of the sum of two variable 
lengths (y and^") and a constant length, r. Now if (ji + S) 
be written for y^ : 

will evidently be the sum of the two variable lengths referred 
to. Hence, if ^, //i, Aj, //j * * * //„ represent the lengths 
of the suspenders as shown in the figure : 
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f^ = c^^-{y, + 6). 



9^' 



- (y^ + s) 



Having computed the lengths of the suspenders for oni 
half the span, the results may be used for the other half if the 
piers are of the same height ; otherwise the lengths must be 
computed separately. 

The stress in any suspension rod is the vertical load whiti 
it carries, multiplied by the secant of its inclination 1 
vertical line. 



Art. CS^-PresBure on the Tower— Stability of the Ijatter— i 

Let Pf = vertical component of pressure on tower head, 
" /»= horizontal " " " " " " 

" R = resultant " " " " 

" Tp and 7^,', Fig. 13, PI. XII., = tensionsof thecableo 
different sides of the pier head. 

a, a, and 6 represent inclinations to the vertical as show; 

When friction on the saddle is considered : 



P, = Tp cos a + T;a 



-- vn' + A' 



P^= T„ sin a — TpSin a' ; 

cose = 



p, 

'' R' 



When friction on the saddle is not considered, 7^ = 7^'; 
■. P, = Tj, {cos a + cos a) ; Pk= T^ (sin a - sin a') . ( l). ^ 



--VPr' 



/V ; cosd = - 



PJiESSUJiE 0.V TH£. TOWER. 
■In the same case if or = or' ; 



and structure.) 



R = 2W. e = o. [If''=4 weight of load 



There are two cases in which the resultant pressure on the 
tower, caused by the tension in the cables, may be vertical in 
direction. Both, however, are founded on the single condi- 
tion that the horizontal components of the cable tension, on 
^^ch side of the tower head are equal to each other. 
^^■This condition will exist if « = a in Eq. ( i), making P^ = o; 
^H if the saddle be supported on rollers and roller friction be 
^^Btiitted. In the latter case /V = o because Tp sin n = 
Tf,' sin «', and not because f necessarily equals «'. 
in discussing the stability of position of masonry towers, 
t the distance of the centre of pressure from the centre of 
^re of the section of the pier be denoted by g'. If this 
tter does not exceed y {the limit of safety for ^'), which 
taiy be ascertained by determining the line of resistance for 
E pier, stability of position will be secured. 
pit is supposed, of course, that ff has some value greater than 
lero; otherwise y'= o. 

The stability of friction for masonry towers will be secured, 
at any joint, if the obliquity of the resultant pressure be less 
than the angle of repose. 

Iron and timber towers are to be treated, each as a whole, 
as long columns, by Gordon's formula. 

I If the anchorage is a mass of masonry, the stabilities of po- 
tion and friction are to be considered. 
Let W= weight of ma:-.s and y' the normal distance from a 
Itical line through its centre of gravity to the centre of fig- 
! of its base. Let 7J, equal the tension in anchor chains 
i fi the normal distance from the centre of pressure to its 
Be of direction : and y the distance from the centre of press- 

e of the base of the foundation to its centre of figure. 
I Then, in order that stability of position may be secured : 

■ Stability of friction is secured If the greatest obliquity of 
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the resultant pressure on any section (including the base) is 
less than the angle of repose for the surfaces in contact. 

If it were not for friction between the anchor chain and its 
supports, on the circular part of the chain (see Fig. 15, PI. 
XII.), the tension would be the same throughout its whole 
length ; but on account of friction, the tension diminishes on 
the circular part, from link to link downward, according to the 
law of friction between cords and cylinders, and is, therefore, 
the least at the bottom. 

The diminution of tension of the anchor chain is computed 
by this formula; 

in which 7"^ = tension of anchor chain before friction takes 
effect ; 7"^'= tension of any point below the first point of sup- 
port : E = base of Napierian sj-stem of logarithms ; f= coef- 
ficient of friction ; = length of arc considered. The anchor- 
age can be ruptured only by the breaking of chain, or bolt, or 
plate, or pulling out the whole masonry. The probability of 
the j.-ttter can be determined by comparing the tension of the 
chain, at the upper surface of the masonry, with the weight 
of the whole masonry. 

Art. 64.* — Theory of the StiflentDg TniM — Bads Anchored — ConUnnotu 
Load — Single WetghL 

It has been seen that when a suspension bridge cable 
carries a load covering the entire span, of uniform intensity 




per horizontal unit, its centre line forms a parabolic curve. 
When, however, such a cable carries an isolated weight, or a 
partially uniform load, it is evident that the centre line of the 

* This and the following iwo Arts, form the substance of a, paper pnsented 
lo the Pi Eta Sciectific Society, in June, 1879. 



i 



I 



THEORY OF THE STIFFENING TRUSS. 377 

cable will assume a form different from that of the preceding 
parabola, unless such a change is prevented by some special 
device. Such a special device is the stiffening truss. 

The objections to a change of form in the cable of a sus- 
pension bridge are of two kinds. Not only would destructive 
undulations result, but, also, the determination of stresses 
would become exceedingly complicated and uncertain. 

Two cases may arise: the stiffening truss may be securely 
anchored at its ends; or its ends may simply rest upon sup- 
ports and be free to rise, in which case there can be no nega- 
tive or d<nvnward reaction. 

The former case will be considered fir.^t. 

It is desired to have the cable retain, for all positions of the 
moving load, the same parabolic form. Now, it has already 
been seen that such a result can be attained only by assuming 
a uniform puU on the suspension rods from end to end of the 
iqjan. Let 7" be the general expression for this uniform pull 
for any suspension rod, and let / be its intensity per unit of 
Span, so that if/ be the panel length of the stiffening truss, 
T = pt. Let If be the weight per unit of span of the fixed load 
sustained by the cables. This will, of course, be composed of 
the weights of the truss, suspension rods and cable or cables. 
Let %i/ be the moving load per unit of span; /the span ; R 
the reaction at 5; K the reaction at A, and let the moving 
load pass on the bridge from B. 

Also let Xx be the distance from B to the head of the mov- 
ing load : the latter being supposed continuous from B. 

Since all the forces acting on the stiffening truss arc vertical 
in direction, there are only two general conditional equations 
of equilibrium, and those simply indicate that the sum of all 
the external vertical forces, as well as the sum of the moments 
of the same, about any point, must be zero. 

Those two equations are the following: 



■wl -yw'xx^-tl^R-R - 



1< .-,.»' 



.Rx^-\-{t-w) 



(/- -rO' 



R{l-x^ = ^ 



(')■ 



(2). 
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Eq. (2) can be at once written by taking moments alii 



the point Xi at the head of the moving 



load. 



Eqs, (1) and (2) are the only equations of condition i 
sary for equilibrium, but they hold three unknown quantities. 
i.e.,t,R,a'nA R' ; hence, any one of those three quantities 
may be assumed at pleasure, and the other two determined 
from Eqs. (1) and (2). This indetermination simply means 
that unless another condition be imposed, it cannot be ascer- 
tained how much the truss will czrry as a simple truss, and 
how much in connection with the cable. 

This other condition is virtually the following : the stiffening 
truss must act wholly in connection with the cable, and carry no 
load whatever as an ordinary truss. 

The direct consequence from this condition of the problem 
is, that the sum of all the uniform upward forces, T ~ pt, 
must be equal in amount to the sum of all the loads of the 
kinds w and w'. But the line of action of the resultant of the 
latter is not, for a partial moving load, the line of action of 
the resultant o( the former: consequently, the truss will be 
subjected to the action of a couple. In order that equilib- 
rium may be assured, therefore, another couple of equal mo- 
ment, but opposite sign, must be applied to the truss; the 
forces of this couple must act at the extremities^ and B, and 
they are nothing more than the reactions R and R. Frc 
this there at once results: 

R=-R. 



This condition, in Eq. (1), gives; 



Eq. (2) gives : 



^(■-?)- 



Eq. (4) shows that both reactions, R and R , are zero for 
'1 = /, or for jc' = o. 
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It is also seen that R and R are always numerically equals 
hut have opposite directions^ hence R is a downward reaction^ 
and its maximum value will indicate the amount of anchorage 
required at each end of ttu truss. 

Using £q. (4) : 

dR w' w'xi wlxx I 

dxx^ 2 2/ 2/ "" ' " * 2 * 

Putting jTi = - in Eq. (4) : 

Eq. (5) shows the maximum value of (— -^') and gives the 
amount of anchorage required at either end of the truss ; it 
also shows the greatest shear to be provided for at either end 
of the truss. 

The general value for the shear at any section of the por- 
tion of the truss covered by the moving load is : 

5-= R-^ tx — wx — vfx .... (6). 

Or, 

^ rv'xx w'x^ (x, \ , , . 

This value of S shows it to be positive near the end of the 
bridge ; it then decreases .as x increases, passes through the 
value zero, and then increases as a negative quantity. As a 
negative quantity it attains its maximum value for x = Xi\ it 
then becomes : 



•^• = -^'0-7-)=^' • • • («>• 



/fence the two reactions at the ends of the truss and the sliear 
at the head of the moving load are always numerically equal. 




Eq. (8), consequently, takes its maximum value for ^i 



that value is given in Eq. (5) ; this last equation, therefore, 
gives the maximum shear which is to be provided for at the 
head of the moving load. 

Now since this maximum shear is to be provided for at 
both cuds and at the middle of the truss, it would probably 
be advisable in all ordinary cases to design all the web 
members of the truss to be of uniform size, and capable of 
carrying this maximum shear, although there would then be 
a little waste of material in the vicinity of the quarter points 
of the span on each side of the centre. 

This supposes, of course, that the chords of the stiffening 
truss arc parallel and horizontal. If the chords are not 
parallel the amount of shear carried by the web members 
will depend on the inclination of one or both the chords. 

For all values of x and .r,, for the portion of the span cov- 
ered by the moving load, the total shear will be given by 
Eq. (7). 

For the portion of the span not covered by the moving 
load the general value for the shear is {Measuring x fro»t ji 



-^'-4 



WX^X 



This expression attains its greatest values for jc = o a 
x=l—x\. In the first case the shear becomes — ^', aAa 
in the second R. These results show nothing new. 

Since the maximum shear in a simple truss, of the span / 
and uniform loading of intensity (w + w'), is \{w + %v')l, it is 
seen that the maximum shear in the stiffening truss of same 
span is only one-fourth of that due to the moving load alone 
in the case of the simple truss. 

The general value of the bending moment to which the 
truss is subjected, for the portion covered by the moving 
load, is: 

X* 

M=Jix-{w + w'-t)— . . . 
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Eq. (10) shows that if ;r = x\y the bending moment is equal 
to zero. Hence, at tlu head of the moving load, for all its 
positions^ there is a section of contraflcxure or no bending, and 
consequently the loaded and unloaded portions of the stiffening 
truss are each in tlie condition of a simple beam supported only 
at each end, and loaded uniformly throughout its length. 

If the values of R and / from Eqs. (3) and (4) be inserted 

in Eq. (10), and if —t— be put equal to zero, it will be found 



3 AIIOUVAAAIUIIA VCMU^ AV/A «V 

as might have been anticipated. 



that the bending moment has its maximum value for a: = 

2 



Putting a: = —• in Eq. (10) : 



-. v/ x^ 



(i-y) • • . . (II)- 



By differentiating in respect to Xi it will be found that M 
has its maximum value for x^ = |/. Denoting this value of 
M by Ml, there results : 

^^^-^ (^2). 

Eq. (12) shows the maximum bending moment to which 
any loaded portion of the truss can be subjected. 

If a simple truss supported at each end be subjected to the 
action of a uniform load, of the intensity (w -f w), through- 
out its entire length, the greatest bending moment will be : 

M' = ^ g-^— = -g- (if zc; = o) ; 

.-. Afi = ^Mo'>\Mo' . . . (13).* 
From what has already been shown it is evident that the 

* The subscript o indicates that w = o in J/' 



-J . ■ -^ 
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greatest bending moment for the portion of the truss not 

covered hy the moving load will occur at the distance ( — — ') 

from the reaction R. The general value, therefore, for the 
greatest moment for that portion will be : 

.w= S /;■(/- J-,) + ((-«i*^ii2 . . (14). 

Putting the differential coefficient of M in respect to Xj 
{after inserting the values of R' and /) equal to zero, there 
results : ^^ 





^1 = 


J/± V^ 


-\i^ 




1 


1 






-,.{-. 


ox {I 




• (-s^ 




The latter 


value (i/) 


gives a n 


laximu 


;m, and 


inserted 


m 

in 


Eq.(i4): 














M^ 


54 


= -M,= - 


-+^a' 


(nearly) 


. . (l6). 





Eqs. (I2) and (i6) show that the greatest bending moments^ 
to which (he stiffening truss is subjected, are equal, but of oppo- 
site kinds ; and it is seen that they occur when one-third or 
two-thirds of the span are covered by the moving load. The 
chords, therefore, of the stiffening truss must be designed to 
resist both tension and compression. 

Eqs. (lo) and (14) are general expressions for all the bend- 
ing moments to which any portion of the truss can possibly 
be subjected, but in all ordinary cases it would probably be 
best to make the chords uniform in section (supposing the 
depth of the truss to be constant) from end to end, and 
capable of resisting the moments given by Eqs. (12) and (16), 

Eq. (13) shows that the greatest bending moment to which 
a stiffening truss can be subjected is only \ of that found in 
a simple truss supported at each end and loaded with a unj. 
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form load equal in intensity to that of the moving load on 
the stiffening truss. 

It may be interesting to notice that the resultant load on 
the portion Xi of the truss is downward^ since (w -j- w') > 

(/ = «;+ —1-^) : but that that on the portion (/ — x^ is 

upward^ since w <t. 

If the bridge is traversed by a single concentrated load or 
weight, Wy the general method of procedure is precisely the 
same as before. Let the weight W pass on the bridge from 
the end B, in the figure, and let Xi denote its distance from 
that point ; also measure x from the same point. 

The general equations of condition are : 

R-^- R ^-il-wl-W-o . . . (17). 
^R(J-x,) + (w - /) ^^-^ - (w- ^ ^Rx^^o . (18). 

Eq. (18) is written at once by taking moments about the 
point of application of W. 

By precisely the same method as before, there may be found 
the result, R= --R'. 

In Eqs. (17) and (18) let there be put R= — R\ then there 
results : 

W 
^ = «'+ 7- (19)- 



R=-R'=w(i-'^f^ . . . (20). 



When JTi = - , ^ = o and /J' = o 



Eq. (20) shows that the reaction nearest the weif;ht W will 
always be positive, or upward; and that the other will be ntga- 
tive, or downward. 



/ 

t 
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The maximum value of R or R' is found (by making x, = 
W 
in Eq. (20) ) to be — - , and that is the amount of anchoragt 

required for the weight W, alone, at each end of the truss. 

The point of application of tlie weiglit W divides the span 
into two segments. 

The general value of the shear for the shorter segment 



S=tx~wx + R = ~x+ wU-j^ . . (2J] 
This has its greatest value for x = Xi; it then becomes 



I 



Hence S' is the uniform tnaximum upward shear that must 

be provided for, throughout the -whole length of the truss. 

The general value of the shear in the longer segment of 
the span is : 

S^R'--w(l-:r)+H'--^-)='v{i+Y-j) ■ ■ (22)- 

This expression attains a positive maximum for x = x,, 
that being the least positive value of x admissible ; the re- 
sulting value of S is \ IC, which shows nothing new. 

The negative maximum for ^ = / is simply the reaction 
Putting 5 = o in Eq, {32) there results : 



I 



Hence for all points of the span between ~ + x, and / th< 

will be negative or downward shear. The maximum negative 
shear, however, to be provided for, is shown by Eq. (22) to 
exist in one-half of the truss when Wrests on the opposite end ; 

or, when in that equation ^1 = and x>~. The negative 
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or downward shear to be provided for has, then, for its gen- 
eral expression : 



S,= -lv(~-\) .... (23). 



Eq. (23) IS to be applied to each half of the truss, and it is 
also seen that the web members which take up Si should 
increase, in ultimate resistance, uniformly from the centre to 
the ends of the truss ; supposing the chords to be parallel 
and horizontal. 

In many cases, however, it may be best to design them of 
uniform dimensions belonging to those at the ends. 

The bending moment for any point of the smaller segment 
of the truss is : 

M^Rx+{t-w)^=w{^-''j)x+~ . . . (24). 

Since both terms of this moment are positive, it will attain 
its greatest value for x =- Xx\ it then becomes : 



^i = -^(^i-7-) .... (25). 



Eq. (25) gives the general value of the greatest positive 
bending moment to which any point of the truss will be sub- 
jected, for which case Xx must never be made greater tlian \ /. 

The bending moment M^ will evidently cause compression 
in the upper chord, and tension in the lower. 

For the longer segment of the truss the general value of the 
bending moment is : 



M^R'(l-x) + (t-w)^- ^ 



Or, 



M 



= _«.(j-'-l)(/-,)^^<^'.(^ 



. -J ■ 
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There is evidently a point of centra-flexure for the longer 

segment of the truss, for if the second member of Eq. (26) be 
put equal to zero, there results x = 2j-,. Hence all the for- 
tion I — 2j-„ 0/ the truss, will be subjected to a negative bending 
moment causing tension in tlie upper chord and compression in 
the lower. 



In Eq. (26), putting 



dM 

d{l-x) 



- o, there results : 



(2;H 



This value of x, in Eq, (26) gives : 



8*2 2/ 



(28). 



Eq. (28) gives the general value for the maximum ncgatiA, 
bending moment at any point in the entire truss, for any positig, 
of the weight IV. In Eq. (28), it is to be remembered, x, 

always be less than -; also, that the point at which J/' ■ 

will be given by the value of x in Eq. {27). 

The formulae for a continuous load, taken in connection 
with those for a single weight, will give all the circumstances 
of bending or shearing which can exist with any condition or 
position of loading. 

When the " shear " has been determined for any sectioi 
the stress in the web member which is to carry it (if 1 
chords are parallel and horizontal) will be found at onc< 
multiplying that " shear " by the secant of inclination of tlrt 
web member to a vertical line. If there are two or moi 
systems of triangulation in the truss, then each system is ^ 
be treated as a single truss in the usual manner. 

If desirable, after the reactions J? and R' and the i 
load T=pt are known, the stresses in the individual membi 
of the stiffening truss can be traced as in the case of an oni 
nary truss supported at each end. 
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Art 66.^ — ^Theory of tlie Stifiisnlng Trust— Bnds Free^Oontiniioiui X«oad 

— Single 



In this Article the notation of the previous one will be con- 
tinued, and the same figure will be referred to. 

The case of a continuous load will first be treated, and, as 
before, it will be supposed to pass on the bridge from B. 

Since the ends are not anchored, in thi^ case there can be 
no negative or downward reaction, consequently R' will be 
sera. 

As before, putting the sum of all the vertical forces acting 
on the truss equal to zero, and taking moments about the 
head of the moving load, there result the two general Equa- 
tions of condition : 

wl^-vfx^ — tl — R — o (i). 

(tt;4.w'^/)£L_(ze,-./)(^^:i^-7?;ri = o . . (2). 

Since there are now but two unknown quantities, R and /, 
the problem is perfectly determinate. Eqs. (i) and (2) give : 

R = w'x,(^i-^) (3) 

t=^w^~j^ (4) 

The general value for the shear at any section of the truss, 
for the portion covered by the moving load, is 

5 = ^ + (/-ze;-ze;V = «''Vi--t')-^e/'''j-(i--^) . (5). 

Evidently 5 has its maximum positive value for a: = o ; its 
greatest negative value for x = x^^ and the value zero for x = 

l + xi 



A 



> '-■■ ■ 
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In order to find the head of the moving load for that'f 
sition which makes R a maximum, let -j— be put equatl 



There is then found a 



Hence the moziiig load a. 

ing half the span gives the maximum reaction R ; it is also seen 
from Eq. (5) that the same position of mo%'ing load gives Ike 
greatest up'tuard shear for all points between x = and x = 

r tlie last expression, having the value J/. Since 



/ + X, 



when Jij = - in the expression x 
I 



/■r, 



that equation be- 



lt is seen that the middle third of the truss is 
3 
never subjected to a shear of the same sign as that of /?. 

To determine the maximum web stresses, therefore, for this 
ease, the mot'ing load wotdd be brought on so as to cover half 
the span, and the shears or '^veb stresses would be ealeulated for 
the middle third of the truss, and that other third wholly co^'cred 
by tlie moz'ing load ; these stresses must of course be arranged 
for the approach of a moving load from either direction: 
in addition to tlie above, there must also be ealeulated the 
negative {i. e., opposite in sign to R) shears or web stresses by 

Eg. (g) for all sections between x-= x^ andx = j-iy^' ■^'^ fvery 

value of X, between o and — . From these stresses thus deter- 

2 
mined the greatest may be at once selected. 

Those indicated last will, of course, exist on each side of the 
centre, at different times, when the moving load approaches 
from different directions. 

Putting Xi = - in Eq. (3), the greatest value of R becomes 



Since R'= o, the whole truss will be subjected to bending 
moments of the same sign ; such bending moments, in fact, as 
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will put the upper chord in compression and the lower one in 
tension. 

The general value of the bending moment for that portion 
of the truss covered by the moving load is, 

^ 2 

••• M^wxyx j—^-— + —l—. . (6). 

/x 
Since the shear 5 is zero for x = -= — - — , that value of x in 

/ -h Xi 

Eq. (6) will give the maximum value of Af. This latter is : 

^^ = «''^''iT/^ij (7). 

Putting -7 — = o, there is found, 



;ri = -(- I ± Vs) = + 0.618/. 



The absolute maximum bending moment exists, therefore, 
when the moving load covers 0.618 of the span. That mo- 
ment has for its value : . 

0.04s I zt/V (nearly) (8). 

Ix 
If Xx = 0.618/ be put in the expression x = - — 1— , there will 

/ "T X\ 

result X = 0.382/, nearly. 

Eq. (6) gives the general value of the bending moment for 
any position of the load, but it would probably be the most 
convenient to make the moving load cover 0.618/, and design 
the chords for the distance 0.382/ from each end to resist the 
bending due to that position of the load, and then design all 
of the middle 2 (0.5 —0.382)/= 0.236/ to resist the moment 

19 
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given by the expression (8). By this arrangement there would 
be a little surplus of material at the middle of the truss. 

If a single weight rests upon the bridge, the two general 
equations of equilibrium, obtained in precisely the same man- 
ner as heretofore, are : 

wl+ W—tl—R — o (9). 

(a; - /) ^ - (w - /) ^^Il£»^ - J2ar, = O ..(10). 
These equations then give : 

' = «' + -»- 00- 



R=w{i-^ (12). 

/ w 

If ;ri = - , / = z(/ + — , and /? = o. 

The general values of the shear 5, and moment J/, are the 
following : 

... S = W{..^)^'^. . (13). 
M^zRx + ^t-w) — 

... M= fr(i - ^) X + i^^ . . (14). 

Eqs. (13) and (14) show, since Xi must not be taken less 
than Xf that if the maximum shear and bending moment are 
desired for any section, the weight, W, must be placed at that 
section, and x be made Xi in those equations. 
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That section at which the bending moment will attain its 
absolute maximum value is found by putting a: = ;r, in Eq. 
(14), then taking the first differential coefficient of M in re- 
spect to x^ equating to zero and solving. There results : 

This value in Eq. (I4)» when x = x^y gives: 

The equations for the continuous and single moving loads, 
used in combination, will give moments and shears for any 
character and position of loading whatever. 

The general observations in regard to finding web and 
chord stresses, at the close of the last Article, apply equally 
well to this case. 

As was to be anticipated, R and R in the two preceding Ar- 
ticles, are independent of the fixed load w. 



Art W4 — ^Approzimate Oharaoter of the Preoading ZnTestigationa — ^De- 
flection of the TruM. 

In the two preceding Articles it has been virtually assumed 
that the deflection of the cable, due to its lengthening under 
stress, is just sufficient to allow the truss to take the deflec- 
tion due to the loads 7^=//, w\ and Wm the different cases. 
.. Such, however, is not really the case. 

In all ordinary cases, the cable does not deflect to that ex- 
tent. The result is, as is evident, that the truss is not sub- 
jected to the amount of bending assumed. The error, 
however, is only a small one, and on the safe side, as should 
be the case. 

It has been found by experiment that if the ends of the 
truss are anchored, the stiffening truss will be subjected to a 
maximum moment equal to that existing in an ordinary truss 
supported at each end, of about one-eighth the span, and 
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carrying load over its entire length of the same intensity as 
that of the moving load on the suspension bridge. 

This same case, treated analytically, as was seen, gave about 
\ instead of \. 

Approximate values of the deflection of the stiffening 
truss can be found by the ordinary formulae used for solid 
beams in the subject of resistance of materials, in the differ- 
ent cases, where /, /?, R\ and the moving load are known. 



CHAPTER X. 

DETAILS OF CONSTRUCTION. 

Art. 67. — OlagMS of Bridges — ^Formf of Compression Memban— OliordA 

Oontinootui or Non-continaous. 

Regarding the systems of construction, truss-bridge struct- 
ures are divided into two classes at the present time, i. ^., 
bridges with "pin connections" and bridges with "riveted 
connections." In the former class the connection of web 
members with the chords or with each other is made by a 
single pin only, as in Fig. 3, PI. III. (the figure shows simply 
the upper chord and tension web members together with one 
end post). The pins are shown at 1,2, 3, 4, and 5, where the 
tension members join the chord. In the latter class the con- 
nections mentioned are made by means of rivets, as shown in 
Fig. 6, PI. XI. In that figure A isdi tension, and B a com- 
pression web member, while C is a portion of the lower 
chord. 

Screw connections for tension web members and simple 
abutting connections for compression ends have been used, 
but are not usually employed at present. 

A screw connection is formed by passing a tension member 
through the chord at one of the joints, and placing upon the 
end of it a nut ; this method, therefore, can only be conveni- 
ently used when the tension members are of circular cross- 
section. 

An abutting connection for a compression member is 
formed by simply abutting either end against the chord, 
which is properly formed for the purpose at the joint. The 
end of the post or strut is inserted in the chord, or else a 
projection of the chord passes into the end of the post ; or, 
again, some simple dveice is employed for the purpose of 
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keeping the ends of the post in posilion, and for nothing else, 
as the entire compressive stress in the post or strut is trans- , 
mitted through the abutting surfaces. 

Occasionally screw, abutting, and pin connections are com-l 
bined in a single bridge. 

Without regarding systems of construction, truss-bridgcal 
are divided into: 

'■ Deck " bridges, ('. e., the applied load is on the chord Mfl 
compression. 

" Through " bridges, i. c, the applied load Js on the chord'^ 
in tension. 

■' Pony " trusses are through truss-bridges when the trusses 
are not sufficiently high (or deep) to need overhead cross- 
bracing, and they are seldom put up for spans of over eighty ■ 
feet, although there are examples of one hundred feet (ai 
even more) in length. 

The lateral stability of such long pony trusses, however, il 
very precarious. 

Figs. I, 2, and 3 of PI. XI, are those of floor-beams witli 
web of plating. At H', in Fig. I, are seen two views of i% 
hanger. 

The various forms of cross-sections of upper chords and * 
posts, and compression members generally, are almost Innu- 
merable, and subject only to the fancy of the engineer or 
builder. The principle which should always be kept in view 
is this: That the material should be as far as possible from 
the neutral axis. Figs. 3, 4, 5, and 6 of PI. Ill, show methods 
of building up the upper chord. It consists of riveting plates 
to a pair of channel bars, or to a pair of channel bars and an 
I beam. 

The bars or beams are frequently built of plates and 
angles. 

The blackened portions represent sections. 

Chords are continuous or non-continuous according as they 
are built up in a continuous manner from end to end, or built 
up of panels abutting against each other at the panel points. 
The former are principally used at present. , 

Tension members are always of rectangular or circular sec- 
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Fig. 4, PI. XL, is a lower chord " eye-bar." In writing 
\gA channel bars, I beams, angle-irons, iron bars and rods, 
fliey are indicated as follows : C. X> Li C3> O ; that is, by 
dceletons of their sections. 



f 



Art. 68. — Oomnlative StiMiM. 

Stresses are said to be cumulative in any part of a struct- 
liUre when they are transmitted through that part to other 
larts, whose whole duty is to sustain them, the part in ques- 
tion being subject at the same time to its own stress. The 
member in which the stresses are cumulative is, therefore, 
overstrained to some extent in some one or more portions of 
The two channel bars in Fig. 3, PI. III., are the portions 
of that upper chord which are subjected to cumulative stresses. 
If C'C is supposed to be the centre line of the bridge, then 
the compressive stress in the chord increases as C'C is ap- 
proached from the end, in consequence of the components in 
the direction of the centre line of the chord of the stresses in 
the inclined ties. A, B, C, etc. This increase of stress is pro- 
vided for by riveting plates to the upper flanges of the two 
s, as shown in the figure. It is evident that the plates do 
at receive the stress which they are intended to bear, except 
idirectly through the Cs and the rivets which connect the 
ith the plates. Now since the Es are supposed to 
,ve their own share of direct compressive stress to sustain, 
is plain that the material in the vicinity of the front of the 
(looking from the centre of the pin toward the centre of 
le bridge) is subjected to a much greater intensity of com- 
essive stress than should exist in the structure. This re- 
only to the material in front of the pin. and that is the 
ily vicinity in which cumulative stresses would exist if the 
ould be so securely riveted to the Cs that the whole 
lord could be depended upon to act as one piece. In prac- 
vever, no such riveted work exists. The Qs must in- 
itably yield to some extent before they bear sufficiently on 
rivets to give to the plates their proper share of the 
is. The result is that not only the material in front of 
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the pin but the whole of the Cs are overstrained by these 
cumulative stresses. The only remedy is to so proportion the . 
chord that those parts which are designed to sustain stressfl 
shall receive it immediately, and not indirectly through ; 
other part. 

The Fig. 5, PI. III., shows a method of accomplishing thial 
object. The plate ab is a light one riveted to the top flangesa 
of the Cs, and extends throughout the whole length of th<y 
chord. The increase of the areas of cross-sections are ob- 
tained by riveting plates to the flat sides of the Cs, and 1 
adding an I, if necessary, as shown. The parts of the chonj 
thus receive stresses immediately from the pins, and cumulsq 
tive stresses are obviated, 

It is also evident that if the stresses arc applied to the c 
tres of gravity of the cross-sections, or parts of the cross-sc 
tion, no cumulative stresses will exist, 

Cumulative stresses are as liable to occur in riveted connec- 
tions as in pin connections ; in fact, more so. It may be said 
to be impracticable to so construct riveted work that cumula- 
tive stresses will not exist, and in this respect pin connections-l 
have the advantage of riveted connections. Fig, 6, PI, XL* J 
illustrates the matter (or a riveted chord. The plate C" ts" 
common to the whole chord, and all web members are riveted 
to it, as shown by A and B, so that before the rivets can take 
their share of the stress in transferring it to the plate and Ls 
ED, it (the plate C) will necessarily yield to such an extent 
that cumulative stresses will exist throughout its whole length 
to a greater or less degree. 

Art. 69.— Direct Stress Combined with Bending In Chorda, 

If direct stress is not applied to the centres of gravity of 
the ends of a piece subjected to compression, it is clear that 
bending must take place. 

In Figs. 3 and 4 of PI. III., the horizontal components of 
the oblique forces in the ties A, B, etc., do not act through 
the centres of gravity of the sections of the chord, hence 
there must be a bending in those chords. If the chords were I 
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perfectly straight, and if the centres of the pin-holes were all 
at the same distance from the centres of gravity of the dif- 
ferent cross-sections, as well as in the same straight line, then 
the total direct stress to which the chord is subject at any 
section would produce bending at that section, and the lever- 
arm would be the same for all sections. Camber and deflec- 
tion from loading, however, so complicate the matter that it 
is best only to consider the bending in any part of the chord 
as due only to the increment of direct stress given by the pin 
at the extremity of the panel toward the nearest end of the 
bridge ; that is, it is better to take the bending at this amount, 
for a purpose which will be mentioned directly, as it is the 
very least amount that can exist. For the reasons already 
mentioned, it is impossible to estimate the true amount, but 
it evidently disturbs, to a great extent, the proper distribu- 
tion of direct stress, and is, except in rare cases, a faulty con- 
st ruction. 

If the total direct stress in the chord is supposed to act as 
if the chord were perfectly straight, so that it all produces 
flexure, then it is evident that that amount of bending is a 
maximum. 

From what has been said in reference to cumulative stresses, 
it can be seen that when such stresses occur flexure must 
also exist, because the direct stress is not uniformly distributed 
over the cross-section of the chord. 

When the moving load to which a bridge is subject rests 
immediately upon the chords, this flexure can be put to some 
practical use if caused to take place in the proper direction. 

The moving load is usually transferred by means of stringers 
to the floor-beams, and then to the pins at the joints, but 
sometimes (very often in deck-bridges) the tics rest imme- 
diately upon the chords, as shown in Fig. 4, PI. III., and Fig. 
4, PI. XI. This refers to railway bridges. 

Suppose, in PI. III., Fig. 6 to be an enlarged cross-section 

of the chord in Fig. 4, and let fg pass through the centre of 

gravity of the cross-section, being parallel to ab and cd' \ 

then, since the increment of the chord stress transmitted 

^hrough the pin from the ties AA is applied to the cross-sec- 

r r 
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tion of the chord at a distance k below the centre of gravity, 
there will be an excess over the uniform intensity of stress in 
the cross-section at the lower side EE, and a deficiency at the 
upper side ab. 

This excess or deficiency {it is the same, of course, only in 
a rectangular section) is found in a very simple manner, as 
follows : 

Let P be the increment of direct compressive stress given 
to the chord by the ties AA, and let P^ be the total direct 
compressive stress in the section. Put 5 for the area of the 
cross-section. 

Now the variation of the intensity of stress from the mean 
is due to the moment Ph, and since this moment is constant 
for all points between any two pins, as i — 3 or 2 — 3. Fig. 4, 
PI. III., the variation in intensity is also constant between 
these points. 

RT 



The moment Ph - 



- , in which d", equals, the distance 



from fg to EE, and R the intensity of stress at EE due to 
bending, gives 

The intensity of stress at ab due to bending is, of ( 
equal to 



Now the total intensity of stress at EE, Fig. 6, PI. III.^ 

equal to -^-v R; and that at ab, -~ — R — -j- 

P 
sity at^= -^ , whatever may be the figure of the cros&^ 

tion. The variation of intensity at any point in the s 
may be easily found from ./? by a simple proportion, and t 

p. 
total intensity by adding that to -jt. 
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As a first case, let the chord be a non-continuous one, so 
that each panel, so far as the panel moving load is concerned, 
is a simple beam supported at each end. 

If the load rests on the upper chord immediately, as shown 
in Fig. 4, PI. III., it will produce tension at the lower side of 
the chord and compression at the upper by simple flexure, an 
opposite tendency to that exerted by the moment Ph. 

The moments due to the moving load on any panel vary 
(that is, increase) from the joints to the middle point of the 
panel, whfre, of course, the moment is maximum. Denote 
by R' the greatest intensity of the tensile stress caused by 
the moment of the moving load, then 



in which 2wxi expresses the greatest moment of the applied 
load. 

For a uniform load : 

2wx = -g- , 

and It exists at the centre of the panel. Now, ordinarily, the 
chord would be required to resist the bending moment ex- 
pressed by 2wXy but // may be so chosen that for its max- 
imum value R = R\ and then no extra metal will be required 
on account of the flexure produced by the moving load. This 
value of h is found as follows : put 

Phdx __ dxSwxx ^ - _ 2wxi 



In all ordinary cases of uniform load 

2wxi = -g- , 
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in which w is the intensity of uniform load. 

The value of Jz, therefore, is independent of the form of 
cross-sections. If ^ < A", additional material will be needed 
in order to prevent an excess of compressive stress at the 
upper part of the chord, and a deficiency at the lower side- 
When R > R', there is an excess of compressive stress at EE, 
Fig. 6, PI. III. 

When the lower chord sustains the moving load directly, 
as in Fig. 4, PI. XI,, the only change arises from this: That 
it is in tension instead of compression, and ft is measured 
above the centre of gravity of the cross-section, instead of 
below it ; also, the section is rectangular. 

In the case of the lower chord, however, if the stress in one 
panel is given to the adjacent one through the medium of a 
pin, then the total stress in the panel under consideration 
must be put for P in the formulas above. This must also be 
done in every case where the total chord stress produces 
bending. The chord stress used may be taken as the max- 
imum (that which exists when the moving load covers the 
whole truss), for in all other cases there is a surplus of ma- 
terial with which to resist the bending. 

This arrangement of material is evidently the most econom- 
ical in amount for transferring the moving load from its place 
of application to the chords. 

A portion of the chord will, of course, still be subjected to 
flexure from its own stress, but it will only be a small portion 
near the panel points, and may be easily reinforced. This 
point should receive careful attention in all cases, especially 
in regard to the panels near the middle of the span, which do 
not usually sustain the maximum moving panel load when 
the whole truss is covered by the train. 

If the chord is a continuous one, there Is little or no econ- 
omy in supporting the moving load directly on it. In such a 
case, the chord, as a beam, is a continuous one, with as many 
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points of support as there are panel points, and each panel 
with its load approximates to a beam fixed at each end and 
loaded uniformly. In this last case, the bending moment at 

the point of support is , and at the centre . 

Hence, for the centre of the panel, 

h = 



The points of contra-flexure are found at the distance of 
0.21 the panel length from the panel point (Wood's " Re- 
sistance of Materials," Art. 108) ; consequently, for that dis- 
tance on each side of the panel points, the bending stress due 
to the moving load will be of the same kind as that due to 
the increment of chord stress. It will be necessary, therefore, 
to provide for the sum of these excesses for at least o^ of 
each panel length. 

The sum of these intensities is 

^ I 12 I 

It is seen, therefore, that this economy is much less with a 
continuous chord than with a non-continuous one. The fact 
that the bending moment at the centre is only half that at 
the ends is a particularly unfavorable circumstance. 

It is to be borne in mind, however, that metal added to the 
chord in this case to resist bending acts with a lever-arm 
equal to the full depth of the chord, so that at least the ma- 
terial of the web of an equivalent beam is saved. 

Art 70. — Riveted Joints and PreMore on Rivets. 

In riveted bridge work the pitch of rivets (/. ^., the distance 
from centre to centre) should not be less than three diameters, 
although it sometimes is ; if possible it should be from four 
to eight diameters of the rivet. The diameter of the rivet is 
determined by the amount of stress which the joint is to 
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Mtrry, so that the intensity of pressure against the surface of 
Jic rivet in contact with the plate shall not exceird a given 
'" value. If the rivet should fit the hole perfectly, this intensity 
could easily be found, having given the amount of stress 
which the rivet is to carry. But the rivet can scarcely be 
made to fit the hole exactly, even by the most careful leading 
or drilling of the holes. The only resort left, therefore, is to 
assume that the rivet does fit perfectly, and fix a low enough 
value for the intensity of pressure against its surface to make 
the joint safe. 

In Fig. I, PI. XII., suppose EF to be a part of a plate in 
which is drilled or punched the rivet-hole ADliK, and sup- 
pose the stress to be exerted on the plate in the direction of 
the arrow at K, then the surface of contact between the plate 
and rivet will be projected in ADB; contact will not take 
place throughout the whole semi-circumference when the 
Kplate is not subjected to stress, unless the rivet fits the hole 
Ifith absolute accuracy. 
Since all material is elastic to some degree, there will be a 
Lturfacc of contact when the plate is subject to stress, even 
I when the pin docs not accurately fit the hole, and this surface 
wiU evidently increase with the stress in the plate. 

But suppose that the pin fits the hole exactly, then the 
isure on the surface of contact, ADB, will be of unifonn 
Intensity, and the case will be similar to that of fiuid pressure 
J a cylinder. Let / denote this intensity whose direclLon is 
normal to ADB at everj* point of it (friction is omitted from 
consideration), then the total pressure in the direction of the 
arrow at A' exerted by the plate on the rivet for each unit of 
length of the latter is equal lofAB. 

Let r be the thickness of the plat«, as shown, and put </for 
the diameter AB, then the total pressure i^ainst the rivet in 
tibe fjirection of the arrow is ^^H 



p=ftd. 



The quantity/ is the greatest mean \-ah>e of the rntensty 
of coinpr«ssi\'v stress which it b desirable to put upoa the 
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material under the given circumstances. It is sometimes 

taken as high as 10,000 lbs. per square inch, although 8,000 is 

a safer value. Of course, the actual maximum value of the 

intensity immediately in front of the centre, C, is much 

greater than either 8,000 lbs. or 10.000 lbs. If T is the amount 

of stress which the joint is required to carry, then the number 

of rivets, so far as the previous consideration is concerned, is 

equal to 

T 

The riveted joint itself, as shown in Fig. 5, PI. XL, may 
now be examined. The distance c should be at least 2j 
diameters of the rivet. By the arrangement of the rivets 
shown, when the pitch is from four to eight diameters, the 
strength of the plate of the width w will only be decreased by 
about the amount of metal taken out in one rivet-hole, although 
experiments to settle this point definitely are wanting. 

After having determined the pitch and distance of r, as 
above, there are five methods of rupture of the joint only 
which need serious attention. These five are: (i) tearing of 
the plate through the rivet-hole E, (2) tearing of the cover- 
plates through the rivet-holes at the middle of the joint, two 
in the figure, (3) shearing of the rivets, (4) and (5) rupture by 
compression at the surface of the contact between the rivets 
and the plates. The safe shearing stress to which rivets are 
subjected in bridge structures is usually taken at 7,500 lbs. 
This gives a safety factor of 5 to 6. 

Put S for the intensity of the maximum safe shearing stress 
on rivets (7,500 lbs. for wrought iron),/ for the intensity of 
the maximum compressive stress (8,000 to 10,000 for wrought 
iron), and 7' for the maximum working tensile stress; also, n' 
for the number of rivets on the line through the middle of the 
joint (two in the figure). Let / and /' represent the thickness 
of the plate and covers as shown. Then equal liability to 
rupture in the five ways mentioned is expressed as follows : 

Tt{w - ^/) = 2Tt' {zu - nd) = -'—. 2 . S^Htilp = 

2nt'ilp = T. 
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It almost always happens that these quantities are not each 
equal to T', but none of these should be less. If only one 
cover-plate is used, the 2 Tt' should be replaced by 7>', 25 by 
S, and 2nt' by nt\ The form of this Equation of condition 
may be somewhat changed by piling of the plates, etc., but it 
will remain essentially the same, and serves to illustrate the 
principle which must govern in all cases, 

We see, therefore, that in obtaining the amount of pressure 
which should be put upon a rivet,/ ought to be multiplied by 
its diameter, and not by the semi-circumference ADB, Fig. I. 

Art 1\. — Riveted GonnecUotiB between Web Henlben and Ohordi. 

When web members, as A and B, Fig. 6, PI, XI., are riv- 
eted to the chord, the centre line (:. e., the line joining the 
centres of gravity of the sections of the members) should pass 
through the centre of gravity of a system of points situated at 
the centres of the rivet-holes; otherwise the intensity of 
stress in any section of the member will not be uniform, and 
it (the web member) will be subjected to flexure. It is sup- 
posed, of course, that each rivet carries the same amount of 
stress, which, however, is probably seldom true, but it is the 
best assumption that can be made. Fig. 6 represents a 
proper distribution of rivets in reference to the centre lines 
A A and BF. 

When three or more pieces are riveted together at the 
same joint, all the centre lines of stress should intersect at 
one point, as is shown in Fig. 6. If this is not the case, then 
some one or more of the pieces will be subjected to flexure, 
and the intensity of stress in some portions of that piece will 
be increased much beyond the proper limit. In Fig. 6, ED 
is the centre line of stress for the chord ; BF, that for the 
compression member, B\ and AA, that for the tension mem- 
ber, A. The "centre line of stress" is evidently the line 
joining the centres of gravity of the different sections of the 
member. 

Let 71 be the total amount of tension in the memb< 
and suppose its centre line to be moved to A'FvibSi.t itttfl 
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clinatlon and the position of the other lines remain the same. 

Also, let ab be the distance between the lines AA and A'F, 
^vmeasured in a direction parallel to ED, and the inclination, 
^Hu shown. Then the chord will be subjected to an amount of 
^B^xure whose moment is 

^" If either 7", or ab is very large, the proper condition of 
stress in the chord will be very much disturbed. 

In pin connections this bending at the joints is, of course, 
jL entirely obviated, when all centre lines of stress intersect at 
■Hie centre of the pin. 



TMK= T,abo 



Art. 72.— Floor.Beaina or Qirdsra. 

The load applied to a bridge rests immediately on the floor- 
Mams, generally speaking, and is transferred through them 
J the joints of the truss. In railway bridges the track and 
Fties lie on stringers, which rest on the floor-beams. There are 
two stringers for each track. 

In highway bridges, the floor-beams support stringers, say 
two feet apart (sometimes less and sometimes a little more), 
^nimiing parallel to the centre line of the bridge, which carry 
gihe floor. 

In railway bridges, the moving load is applied to the beams 
t points immediately under the track, but in highway bridges 
! greatest moving load, for which the beam is to be de- 
;ned, may be taken as uniformly distributed over the entire 
length of the beam, or rather that part of it between the 
loints of support. 
The ends of the floor-beam are usually supported by one or 
{two " hangers" at each end, as shown at .VA'. Fig. i, PI. XI. 
he hanger passes over the pin (pin connection is supposed), 
s s'liown at N. and its ends are secured through a " washer" 
t A" by means of nuts, one leg of the hanger being on each 
e of the beam. In designing a floor-beam, that for a high- 
tty bridge, Fig. I, will first be considered, and as the ends of 
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the floor extend but 9" beyond the hangers, the load will be 
taken as extending over the whole of the beam, though, 

strictly speaking, the length between the hangers should be 
taken. The load which rests on the beam includes the weight 
of the beam itself. 

Suppose the distance jIAV is 18' 6", then the total length of 
the floor-beam is 20' o" ; also, let the beams be 12' apart, 
measured along the centre line of the bridge. Take the 
weight of the flooring, beams, and moving load at 120 lbs.| 
sq. ft. of floor; the total load on each beam will then be 



20 X 12 X 120 = 28,800 lbs. = 14.4 tons = If". 

The beam is simply supported at each end and uniformly 
loaded, consequently the moment to which the middle \ 
tion, C, is subjected is equal to 



irmly 



Now let CD = 36 (t. tons by any convenient scale (i2 ft. 
tons per inch is the scale in the figure) ; if a parabola with its 
vertex at D be drawn on ER, then the ordinate at any point, 
as B, will represent, by the assumed scale, the moment to 
which the section B is subjected. In this manner by measur- 
ing the lines BL and AO, the moments at those sections are 
found to be 28.08 and 15.6 ft. tons respectively. These mo- 
ments, divided by the depth of the beam at the different 
points, will give the stress (total) on the flanges, if they are 
horizontal. 

The centre depths of the floor-girders are from 4 to -^ the 
span. In this example the depth at C is fixed at 2.5 ft. Now 
suppose a parabola to be constructed on liR with its vertex 
at H, as shown by the dotted line, CH being equal to 2.5 ft. 
Then if the centre line of the lower flange of the beam were 
coincident with that parabola, the intensity of stress would 
be constant throughout the entire length of the upper flange 
Irom E to R, if the area of its cross-section were constant, 



'li ipv\;k^ ^mi3taiiL| 
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I. e., the total stress would be constant. On account of the 
difficulty attendant on constructing the curved flange in the 
shop, it is generally made in three straight pieces which should 
be tangent, as shown, to the parabola ; the total stress ia the 
flange will then be nearly constant at the different points, 
which much facilitates construction. 

The depth at the end of a beam is, of course, never equal 
to zero, and should not be, on account of shearing. As a 
general thing, however, shearing is provided for, even when 
the ends are made as shallow as good construction will allow, 
which is generally done. Calculations should be made on 
this point, in doubtful cases, by taking the area of a vertical 
section of the beam adjacent to that side of the washer toward 
the centre, C. 

Dividing the moments at the sections C,B and A by the 
respective depths at the same points, there result : I4.4 tons 
_ horizontal stress at C. 13-70 tons at B, and 32 tons at A. 

Strictly speaking, the last two results should be multiplied 
' the secant of the inclination of FP, but that part is so 
■early horizontal in all ordinary cases that the operation may 
e omitted without involving any essential error. 
The actual stress on wrought iron in the flanges of the floor- 
tarns may be taken at 10,000 lbs. per square inch for the 
peaviest load, whether the metal is in tension or compression, 
Except under special circumstances which make it desirable to 
^reduce this intensity. It is to be understood that that inten- 
sity is to exist after the rivet-holes are formed, which, of 
course, reduces the available metal in the flange, to some 
B«xtent. 

14-4 



Dividing - 



: 2.88 sq. in. of metal section at C. 



5 

lf5 = 2.7 B. 

-^ = 2,4 " *' " " " A. 

If riveted work is well done, the material punched out tor 
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rivet-holes need not be deducted from the flange in i 
pression. 

It will be convenient here to make use of the fact that t 
bar of wrought iron three feci in length and one square inch in 
area of cross-section weighs almost exactly ten pounds. Hence 
the weight per yard in length of any piece of wrought iron of 
whatever shape of cross-section, divided by ten, gives the area 
of a right section in square inches. As an example, an I 
weighing 33 pounds per yard, has an area of right section 
equal to '^.^ square inches. 

For the flange of the beam in question suppose 2 — 2j" 
2I" X j" L weighing 19J lbs. per yard ; the area of the ti 
sections would then be 



19I 



-= 3.9 sq.m. 



If I" rivets are used, the area taken out will be 2 x J x f 
0.53 sq. in. (nearly) ; consequently the available section is 3.9' 
~ 0.53 = 3.37 sq. in., which is considerably in excess of 2,88 
sq, in. Some allowance should be made, however, for dete- 
rioration in punching the iron, consequently the two 2^ Ls 
will be taken for each flange. 

In beams of this sort, called "built beams," the flanges are 
supposed to take the whole tension and compression of bend- 
ing; the web is simply to take up the shearing stress, and to 
give direct stress to the flanges. 

The blackened section at C shows the manner of riveting 
the angle-irons to the web plate. 

The diameter of the rivet is, to a great extent, a matter of 
judgment with the engineer. In the great majority of built- 
up iloor-beams it ranges between J" and J", though it some- 
times exceeds the latter limit. The rivet-hole is made with a 
diameter greater than that of the rivet by about^Tij". This 
allows the rivet to enter freely even when heated, and by the 
process of riveting, the shaft of the rivet is made to fill the 
hole. 

Now the web is so thin that the stringers canni 
as resting immediately on its edge, but they must 



1 



mot be takl^^^l 
must be c^^^H 

m 
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wdered as resting on the Ls, and the load is thus carried 
Htbrough the rivets to the web. 

The flanges lake only direct stress, tension or compression, 
as the case may be, and this can only be acquired from the 
web through the rivets. That is, the applied load, by means 
of shearing in the web, gives tension and compression to the 
two flanges, and gives it to these flanges through the rivets 
entirely. The resultant stress on the rivets is thus composed 

I of two rectangular components— the applied load acting ver- 
tically downward, and the horizontal flange stress. As al- 
jheady mentioned, the flanges may generally be taken as 
(lorizontal ; if they cannot be, then the resultant stress is 
composed of two oblique components, the method of whose 
combination is obvious. Hence, if 

represents half the entire load on the beam, and T the total 
horizontal flange stress, then the total resultant stress on the 
I rivets will be 



W 



ym 



If the flange stress increased uniformly from E to C, then 
ihe rivets would be uniformly distributed from £ to C, and 
Bte number would be determined by dividing 



VW)' 



+ r 



y the amount of stress which each rivet is to carry. But 
t is seen that the stress at *^ (12 tons) is nearly as great as 
3iat at C (14.4 tons), and hence the greater part of the rivets 
must be between £ and A. Now the strictly accurate method 
B to find the flange stress at a great number of points between 
f and C and give the proper number of rivets to each por- 
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tion ; but as the stress increases so rapidly in the vicinity of 
E, the small portion near that point would require a greater 
number of rivets than it would be possible to get in, and it is 
found by experience to be sufficient to divide up the half of 
the beam into portions about like those shown by EA, AB, 
and BC, so that the pitch over EA shall be the least allowable, 

Take EA = 2.5 ft. /. applied load on EA = 

2j X 12 X 120 = 3600 Ibq 

Take AB — 2.9 ft. .■- applied load on AB = 

2.g X 12 X 120 = 41 

Take BC = 4.6 ft. ,■. applied load on BC = 

4.6 X 12 X i 20 = 6624 Ibi 

Since the horizontal flange stress at A is 12 tons, the i 
sultant stress on all the rivets between E and A is equal to 1 



^(12)' + (i-8)'= 12.2 tons. 

The difference of horizontal flange stress between A and 4 
is 1.48 tons, therefore the resultant stress on all the rivd 
between A and B is 

V{i-70)'' + (2.09)'= 2.69 tons. 

In the same manner, the resultant stress on the rivets fc 
tween the points S and C is 



V(i)' + (3-31)' =3-46 tons. 

The determination of the thickness of the web plate is, t 
a great extent, a matter of judgment, although an approxi-'V 
mate method of finding it will be given hereafter. It is seldom 1 
taken at less than a quarter of an inch, or greater than ha] 
an inch ; the latter value would only be taken for an extra 
ordinarily heavy girder, such as is sometimes used in tun 
tables for bridges. In the example the beam is a light 
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and the web plate will be taken J" thick. Three-quarter-inch ' 
rivets will also be used. 

From what has already been shown, the stress which each 
rivet should carry, or the pressure against it, should be 

f " X i" X 8000 lbs. = 1 500 lbs., 

taking the maximum mean stress against the side of a rivet 
at 8000 lbs. The shearing rupture of the rivets may be 
omitted from consideration, because two sections are to be 
sheared, evidently, so that 



2 



9^ %. 

{ = 044J X (7SCX) = 5) > ISCX) lbs., or 6600 > 1500. 



Also the pressure against the Ls may be omitted, because 
the area over which the pressure is to be taken is 

f X 2 X I = 0.563 sq. in. > J X J = 0.1875 sq. in. 

The number of rivets between E and A should be, there- 
fore, 

24400 



1500 



= 16.3. 



Number between C and B = — — = 4.7. 

1500 ^' 

u B " ^=i^=3.6. 

1500 ^ 



Hence pitch between A and E = -^ — = 2" (nearly), 



li ii 



A " £ = 5i-|l = 10" « 

3-6 



it it i( B tt ^ -. 55i_L -- J**" it 



2 
4.7 
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The value 2" is too small, and 10" and 12" very much too 
large, even for a proper bond between the Ls and web. The 
best distribution is to put 18 rivets at the end with 2^" pitch, 
and fill up the remainder of the half of the beam with rivets 
at 6" pitch. The pitch should seldom be greater than 6" for 
the flange in compression, for it and the web should be suf- 
ficiently secured to support each other. 

It is seen then that the rivets should not be uniformly dis- 
tributed along the flange of the beam, but that the greal 
number should be near the end. 

Immediately over the washers at the end of the beam 
web should be thickened, if necessary, so that the reaction 
the support given by the hanger may not subject the materia! 
at that part of the beam to a greater intensity of compressive 
stress than 8000 lbs., or ro,ooo lbs. at most. 

The web is represented as cut at the lines QQ, and the 
pieces riveted together by four "splice plates," two on each 
side. This is generally done because it is difficult for the 
manufacturers to cut plates to the slope shown in one piece. 
Besides, with the present facilities at iron mills in this coun- 
try, plates of very great weight cannot be obtained except 
at extra prices. 

If the resistance of the joint to which the splice plates are 
riveted is about six or seven tenths of that of the plate for 
tension, it will be strong enough. 

An approximate method for finding the thickness of the 
web plate is as follows : 

It has already been stated that in built beams the tension 
and compression are assumed to exist wholly in the flanges, 
and that the whole office of the web is to take up the shear- 
ing. Since the web can offer, comparatively speaking, but very 
little resistance to bending, it is clear that these assumptions 
are essentially true. The web then in reality corresponds 
to the neutral surface of a solid beam, and consequently 
the lines of greatest shear in it are vertical and horizontal; 
but it is known that a pair of shears, on two planes at right 
angles to each other, are accompanied by two direct or nor- 
mal stresses of opposite kinds and same intensity as the 
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thears whose directions make angles of 45° with those of the 

[tangential stresses. Consequently the web at any point may 

: considered to be subjected to a compressive stress (also 

msile) whose direction makes an angle of 45" with a hori- 

Eontal line. Now the intensity of shear in any vertical sec- 

■tion is equal to the total shear or load supported between it 

md the centre, divided by the area of the section; this will 

3 be the intensity of the compression acting as just stated. 

Let V be the vertical distance in any vertical section be- 

■tween the centre lines of rivets in the flanges, and let / repre- 

BBent V X ice 45^ ; also, let t be the thickness of the web, and 

^the intensity of shear in any vertical section. 

Consistently with what has been said, the web may be 

iken as composed* of columns with ends fixed by the Ls 

riveted to them, whose axes are inclined 45° to the horizon, 

od whose ratio of length to least thickness is -. Hence, by 

tordon's formula, there must be no vertical section in which 



3000 t* 



Or put in another form : 



3000 t* 



If the beam has a variable depth, as in the present case, 
this formula should be applied to a number of different sec- 
tions in the vicinity of that one where the depth begins to 
change. If the depth is constant, one computation for the 
end will be sufficient. If the thickness of the web is variable, 
the changes should be made in accordance with the formula 
above. Putting 800O in the numerator of Gordon's formula 
gives a safety factor of about 5. 

One great objection to a very thin web is that it makes the 
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floor unsteady and increases the liability to vibrations in the 
bridge. 

In the present case, let the formula be applied to the ver- 
tical section taken through F. From the centre to this sec- 
tion is 3.25 feet ; hence s = 3.25 x 1440 -^ 30 x 0.25 = 624 
pounds. The total shear for the section is 1440 x 3.25 

pounds. / = 42.42 inches, and - ~ 170 nearly. Substituting 



in the formula, s < - 



8000 
3000 



c 750 nearly. Hence the web 



is sufficiently thick. 

The maximum intensity of tensile stress on the hangers is 
usually taken at 8000 lbs., as they are subjected to sudden 
strains, and are often bent as shown at //', Fig. i, PI. XI. 

Figs. 2 and 3 represent floor-beams for railway bridges ; the 
first for a single, and the second for a double, track. 

The curve of moments for a single track reduces to the 
three lines AB, BC, and CB>, Fig. 2. 

The beam is supported by hangers at A and D, and the 
moment curves or lines are started from those points. The 
load is applied only at the two track points, B' and C. Mo- 
ments are scaled and the dimensions and number of rivets 
determined precisely as before. Between B' and C the mo- 
ment of applied forces is constant, and there is no shearing 
stress. 

In Fig. 3, the load is applied at the four track points, S", C, 
D'. E\ and the moment curve reduces to the broken line 
ABC DBF. 

The moment of applied forces is constant over the portion 
DC'. 

Beams are sometimes, in fact often, built of flanges and 
separate web members, like an ordinary truss. The calcula- 
tions are then precisely like those for the latter structure. 

When a beam is so deep that its web needs supporting, it 
is accomplished by riveting vertical pieces of J_ or |_ across it 
at distances determined by the circumstances of the case. 
These are supposed to be stiffeners only. 



A 
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Alt. 73.— Eye-Ban or Lioka. 

ye-bar" or "link" is a tension member of a pin- 
connection bridge, fitted at each end with an eye for the in- 
sertion of a pin. Two views of an eye-bar are shown in Fig. 
5, PI. XII.: A is the body of the bar, D the neck, and Cthe 
eye. The head of an eye-bar is the enlarged portion in which 
the pin-hole is made. The eye-bar is one of the most im- 
portant members of a pin-connection bridge, and the deter- 
mination of the relative dimensions of the head has been the 
subject of much experimenting. A mathematical investiga- 
tion, however, with the same object in view is a matter of 
considerable complexity, although an approximate solution 
of the problem may be obtained, and its agreement with the 
results of experiment is quite close. 

Before taking a general view of the stresses which may 
arise in an eye-bar head, it must be premised that a difference 
of ^" to f^" between the diameter of the pin and that of 
the pin-hole is considered exceedingly good practice. Before 
the eye-bar is strained, therefore, there is a line of contact 
only between the pin and eye-bar head, but on account of 
the elasticity of the material, this line changes to a surface 
when the bar is under stress, and increases with the degree of 
stress to which the bar is subjected. This line and surface of 
contact is, of course, in the vicinity of A', Fig. 3, PI. XII., (. c, 
on that side of the pin toward the nearest end of the bar. 
The consequence of this is that when the bar is strained, the 
portion about KA, Fig, 12, is subjected to direct compression 
and extension ; that about BL, DH, and FM to direct ten- 
sion and bending, while in the vicinity of £rjV(also CQ) there 
is a point of contra-flexure, and the stress in the direction of 
the circumference changes from compression to tension as H 
is approached from K. 

It should have been said before that if w represents the 
width of an eye-bar, as shown, then its thickness, /, is gen- 
erally included between the limits \w and \w. These limits 
of the relative values of the quantities are seldom exceeded. 

Fig. 2, PI. XII., represents a method of laying down an 
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eye-bar head which has been determined by a very extensive 
system of experiments given by a member of the British In- 
stitution of Civil Engineers, and one that has stood the test 
of long American experience ; in short, there is probably no 
better method known. Let r represent the radius of the pin- 
hole, and Tf the width of the bar. 

Then take EN = o.66iv. The curve DRBK is a semicircle 
with a radius equal to r + o.66it', with a centre, /I, so taken on 
the centre line of the bar that QB = o.&yw. GF is a portion 
of the same curve, with A' as the centre (A'C= AC): GH is 
any curve with a long radius joining 6"/^ gradually with the 
body of the bar. HG should be very gradual in order that 
there may be a large amount of metal in the vicinity of CG, 
for there the metal is subjected to flexure as well as direct 
tension. FD is a straight line parallel to the centre line of 
the bar. 

Fig- 3 shows another method founded on the results of a 
mathematical investigation. Take r and w as before. Then 
BC= AC=r + o.Zyw, DH = %w = qMw, ED = EF= 2r + 
u: DF is described with ED until DCF^i^i,". BAB is de- 
scribed with BC until BCA = 35°. BN is drawn from Z. as a 
centre located in such a position as to cause that arc to be at 
the same time tangent to DN and AB. DN is a straight line 
drawn parallel to the axis of the bar. PF is any easy curve 
which will appear the best. The dotted lines in both Fig. 2 
and Fig. 3 show the slope that should be given in order to 
dear a die. 

The outline of the head is frequently formed of a portion 
of the circumference of a circle whose centre is the centre of 
the pin-hole. In such a case no dimension of the head should 
be less than the corresponding one determined by either of 
the methods just given. 

Fig. 4 shows the head thickened in such a manner that the 
mean maximum intensity of pressure between pin and pin- 
hole shall not exceed a given amount,/. Let /"represent the 
maximum intensity of tension in the body of the bar ; then, as 
has been shown in discussing the pressure against the bodies 
of rivets, 
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Floor-hangers are now frequently formed like one end of an 
eye-bar. The eye takes the pin, and the other end is worked 
, down for a screw thread in order to receive a nut. This nut 
:arries the shoe or washer on which the floor-beam rests. 



Art 74.^Siza of Piol. 

The determination of the dimensions of the pins used in 
Bin-connection bridges is, like that for eye-bar heads, to a 
reat extent a matter of experience, although it has been the 
mbject of a very thorough mathematical investigation by Mr. 
Iharles Bender, C. E., in Van Nostrand's Magazine (or Janu- 
f Wy, 187s. 

A method may also be determined by making one or two 
■nptions, which cause errors on the safe side, and it gives 
results which experience shows to be perfectly safe. 

Fig. 6, PI. XII., represents a group of eye-bars or links as 
they often occur in certain portions of suspension bridge 
cables. The group is also typical of a portion of the lower 
chord of an ordinary pin-connection truss-bridge, located at 
or near the middle of the span, if the existence of the web 
members at that place be neglected. This may be done in 
most cases without great error, as the web stresses are com- 
paratively small near the centre of the span. 
Let / = thickness of bar, as shown. 
Let w = width of bar, as shown. 
Let D = diameter of pin. 
Let T = greatest intensity of tension in bar. 
Let T' = greatest intensity of tension in pin. 
I Let d = diameter of right section of round bars. 
I From an inspection of Fig. 6, PI. XII., it is seen that the 
"pairs of bars (all bars are supposed to have the same dimen- 
sions) I and 2, 3 and 4, 5 and 6, 7 and 8, etc., form independ- 
ent couples, consequently the right sections of the pin 
through the points E, E', E" , E"\ and those taken anywhere 
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over the portion a are subject to no shearing stress, while 

those taken through A', A", A'", AT'", A""', and K are sub- 

ject to an amount of shearing equal to -wtT, or the total ten- 
sile stress ill the body of one bar. 

Any one of the couples mentioned, as i and 2, causes a 
bending of the pin. On account of the elasticity of the ma- 
terial, the intensity of pressure between the eye-bar head and 
pin will not be uniform, but will be greatest near the sections 
K, K', K", A"", etc. If it were uniform, the lever-arm of 
each couple would be the normal distance between the cen- 
tre lines AB and DC, or equal to t {the link-heads are sup- 
posed to touch each other) ; therefore, in the actual case, the 
lever-arm of each of the couples is less than /, since the press- 
ure is concentrated in a degree nearer the sections A", A", 
K\ etc. 

Now if it is assumed that the pressure is uniformly distrib- 
uted, and hence that the lever-arm of each of the couples is 
equal to /, an error will be committed on the side of safety by 
making the bending of the pin due to all the couples greater 
than it actually is. Mr. Bender has shown that if the pin is 
proportioned to resist the bending, there can be no rupture by 
shearing in all ordinary cases, and, consequently, that the 
dimensions may be determined by simply considering the pin 
a beam. 

Let 2q equal the number of parallel bars in each panel, 
then there will be iq couples ; but half of them will tend to 
turn the joint in an opposite direction from the other half, 
consequently the total bending of the pin (that existing at 
any section in the portion ti) will be due to the sum of 
couples, each of which has the force if/ 7" and lever-arm t. 

Hence the bending moment in any section of n is 



M= 



For circle, / = 



• wtT-t-qwCT-- 



RI 



I 



Mr, B. Baker, on "Beams, Columns, and Arches," page 35, 
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has shown that the actual intensity of direct tensile stress on 
the extreme fibres of a wrought-iron beam at the instant of 
rupture is fj in excess of the ultimate resistance to tension. 
R therefore equals \\T\ But since both bars and pins are of 
wrought iron, 7"= 7".- /. f^T"' = f|r= i?. The moment 
M is the same as that from one bar with width qw = w' = nt. 
.\M-nfT. Or, 

nfiT= HT— (—) . .-. -D» = 6nfi (very nearly). 

.-. D= 1.8/ W. 

When the bar is square, n = i. 

When the right section of the bar is circular, the thickness 
of the head, as shown in Fig. 7, PI. XII., is generally about i 
the diameter of the bar, or / = | </. 

.'• D = d ^/~4{vcry nearly). 

8 , 

.'. D = d' 2 - V h 

When the thickness of the bar is less than two sevenths of 
the width, or / < f Z£/, the diameter of the pin is taken about 
Jw, a rule founded on English experiments. 

When the head is thickened, as in Fig. 4, / in the formula 
for D is to be replaced by /', the thickness of the head, in 

such a manner that D = y nft\ 

This is shown by going back to the value of M^ which now 

becomes 

Mz:^q'WtT't\ 

If the diameter of the pin is determined wholly by the 
maximum mean intensity of pressure between the pin and 
head, the formula in the section on link heads is applicable. 
That is : 
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\it = r and/= r, then />=«-. 

The general case of a pin joint may be illustrated by Figs, 
II and 12, of PI. XII.; they are elevation and plan respect- 
ively of the same joint. A and B are tension web membera, 
while AT is a compression one. 

Let C be the common inclination of A and 5 to a horizontal 
line, or the centre line of the chord, since that is supposed to 
be horizontal. The horizontal component of the stress in A 
will then be [A) cos 8. K is supposed to be vertical in direc- 
tion, consequently there will result : 

(Z)) + {A)cos6={G)-^{H). 

Let the centre of the two parallel forces (/?) and {A) cos 
be found, also, that of the two forces (G) and (N) ; and let 
the distance between these centres be /. Then the vertical 
component of the resultant moment to which the pin is sub- 
jected, is : 

M'=\(C) + {H)\I .... (1). 

In the same manner let /j be the distance between the 
centres of (A) sin and - — -, and Mi the horizontal com- 
poncnt of the resultant moment : 



Components are considered vertical or horizontal accordin 
to the direction of their axes. 
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By any convenient scale lay off M' and M^ vertically and 
horizontally, as shown in the figure, then will M be the re- 
sultant moment desired; or algebraically: 

Then for a circular pin : 



.-. Z)=I.8//y 



The safety factor for the pin will depend upon the fraction 
of T which is taken. If that fraction is one eighth, u ^., if 
the safety factor is 8 : 



^=,.8^1^=3.6^?: 



This method is perfectly general, however many tension 
web members A^ or eye-bars Dy Gy or Hy there may be; or 
whether K is vertical or inclined ; or finally, whether the joint 
is in the upper or lower chord. If A!' is inclined at an angle ff 
to the horizon, however, in Eq. (2) there will be written 

^^--^sin ff for ^r^; and in Eq. (i) there will be involved the 

quantity ^-^ cos ff affected with a positive or negative sign 

according as A!' is found on the opposite or same side of a 
vertical line with A ; 6' being always taken less than 90°. 

It may frequently happen that Mi is so small that it may 
be omitted, in which case : 

• 

M=M\ 

Upper chord pins will usually take their greatest stress with 
the web members, and those in the lower chord, with the load 
over the whole bridge. 
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Art 76 — Camber. 

Camber is the curve given to the chords of a bridge, caus- 
ing the centre to be higher than the ends, or rathet it Is the 
amount of rise of the centre above the ends. It is given to a 
truss so that the chords may not fall below a horizontal line 
when the load is applied. Fig. S, PI. XII., represents a truss 
with exaggerated camber. 

Camber may be given to a truss either by lengthening the 
upper chord or shortening the lower one ; the latter method 
is preferable because the upper chord is sometimes not hori- 
zontal, and different panel lengths would have to be shortened 
by different amounts. 

A very good rule is to make the camber jfi of the span,* 
and on account of the unavoidable play (even in the best 
work) at the joints, it is necessary to shorten the lower chord 
(or lengthen the upper one) by an amount nearly equal to the 
camber ; sometimes it is shortened quite that much. This 
shortening is made uniformly tliroughout the lower chord 
that is, each panel length is shortened by a constant quantity; 
The true chords will, therefore, become arcs of circles of vi 
large radii, and vertical posts will become radial. 

By means of the equation of the circle,,/ = 2^jr — a:*, 
being the radius, the amount of shortening or lengthening 
chord to produce a given camber may be determined if tl 
play at the joints be omitted. In the equation above, _>' Tept.i 
resents the half span and x the camber desired, hence the 
radius 

„ _ / + ^ 



^ 



This is the radius of the lower chord when cambered. 
Generally it will be near enough to put R = — . 

The angular length of the lower chord will be 



I 



'/+^' 
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and the length in feet, 

The length of the upper chord will then be 

/=(/? + d)(t. 
The difference in lengths of chords is then 

D = l -l^dix. 

This is the amount by which the lower chord is to be short- 
ened, or the upper lengthened, in order to produce the 
required camber, if no play or strains exist. 

A " through " truss has been supposed, but the same for- 
mulae exactly apply to a deck bridge. 

It is to be borne in mind that one half the horizontal dis- 
tance between the centres of end pins is to be taken for^' in 
determining R. If this distance is assumed in desi^nin^ the 
truss, then the panel length is to be found by dividing / or /* 
by the number of panels. 

If the panel length is first assumed, and the camber pro- 
duced by shortening or lengthening //, then this horizontal 
distance is essentially equal to the assumed chord length 
diminished or increased by D = doe. 

The above formuLnc are exact, and give the changrs of 
length of chords, with a uniform depth of truss. fi>r any 
camber whatever. In the Addendum to this ArtiiK-, thrrr 
are given approximate values of /r ami P, whirls an* suf- 
ficiently accurate for' all ordinary cases, and (»!' sinipk-r 

form. 

In order to hold the camber in a truss, tlu- diagonals must 
be shortened, as shown in Fig. 0, 1*1. XI I. Tli«- diagdual 
which was bd before cambering, bc-rmncs id afti-rwanls. ad 
and be are supposed to be panels in the: upprr and Inwtir 
chords respectively before pnttin^^ in the- ranibcr; aftcrwanU 
be becomes r/, while ad remains thr same ; the Inwrr t hord is 
supposed to be shortened. L*'l x W thr amount of sljortiMi- 
ing of each panel of tlu- low.-r chord • 2be -2jc\ d, the 



324 DETAILS OF COXSTKVCTION. 

depth of the truss ; and/ the original pane! length cquall 
ad. Then 

If the camber is produced by lengthening the upper chore 
then ef Is the original panel length, and ad the new one, and 



ed= -s/de* + i-c^ - 



-'\/d'^{p 



In a triangular truss the diagonal ^r, Fig. 10. is changed! 



If the upper chord is lengthened, <f is the diagonal desii^ 
and//"' the original panel length/. Hence, 



Each diagonal is to be shortened to the length rd. 

In a draw-bridge each arm in giving the camber can be con- 
sidered one span, but the whole amount of shortening in the 
lower chord of one arm must also be taken out of the upper 
chord at the centre. If this is not done, the ends will sink 
below their original positions. 



Art. 76. — Economic Depth of TntSEes with Parallel Chorda. 

The economic depth of truss for a given span is that de] 
which involves the least quantity of material or weight of 
truss. Various mathematical investigations have been made 
with a view to the determination of this depth in terms of 
the span. These investigations and the experience of Ameri- 
can engineers show that the economic depth of single trusses 
with parallel chords is not far from one seventh of the s] 
and one eighth is a ratio which has frequently been u: 
under circumstances where choice has been possible. 



■.p^^ 




StrA y BHACIXG. 



3^5 



These investigations, however, have h'ttle real value, for 
they are always based upon some assumption which gives the 
result an approximate character. 

Again, local conditions, such as the necessarily uniform 
depth (for the sake of appearance) of adjacent spans of var}*- 
ing length, sufficient depth of short spans for over-head brae- 
ing (very necessary for lateral stability), etc., in the majority 
of cases exclude the use of the economic depth, even if it 
were exactly known. 

It is to be borne in mind, also, that the lightest truss is not 
necessarily the cheapest. That bridge is the most econom- 
ical which can be made ready for traffic for the least money. 

Facility in working up details, and the least possible amount 
of time in the shop, are very important elements, indeed, in 
every design. 

This much may be said, however, in regard to continuous 
trusses: On account of the existence of the points of contra* 
flexure, they require considerably less depth than trusses that 
are not continuous, used on the same points of support. The 
depth of the latter, therefore, is a limit which should never 
be reached by the depth of the former. 



Art. 77. — Fixed and Moving I«oadB. 

Both fixed and moving loads depend upon the local cir- 
cumstances of each case, and the former very much upon the 
character of the design. A depth from one-seventh to one- 
eighth the span will give a very light fixed weight, but a 
depth of one-twelfth the span will involve a considerable in- 
crease of weight, while the moving load remains the same. 

The weight of a single-track railway floor system, for the 
present (1882) existing moving loads, may be taken at about 
380 pounds per foot 

The moving load, also, depends upon the length of span. 
If the span is very great, the probability of the whole bridge 
being covered with an excessively heavy moving load is very 
slight, if any exists at all. If the span is short, one or two 
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locomotives may cover the whole bridge, thus causing the 
moving load, per foot, to be very great for the whole span. 

Thus it is seen that the moving load, per foot, may de- 
crease as the span increases, 
, The whole matter of moving loads for both highway and 
railway bridges is well illustrated by the following tables, 
taken from " A Bill to secure greater Safety for Public Trave- 
over Bridges," introduced in the Sixty-second General As 
sembly of the State of Ohio, shortly after the Ashtabula 
disaster : 

Far City and Suburban Highway Bridges. 

span in feet. Moving Uxuiptr square fooL 

o to 30 1 10 pounds. 

30 " 50 ICO " 

50 " 75 90 " 

75 " 100 80 " 

100 " 200 75 " 

200 ** 400 65 " 



All other Highway Bridges. 

span in/tti. Moving lotui pmguare foot, 

o to 30 100 pounds. 

30 " 50 90 " 

50 " 75 80 

75 " 100 75 " 

100 ** 200 60 " 

200 " 400 » 50 " 



Railway Bridges. 

Moving load per iinoml 
span in/eet. foot o/eack track, 

o to 7} 9,000 pounds. 

7\ '' 10 7»5oo " 

10 " 12^ 6,700 " 

I2| " 15 6,000 " 

15 " 20 5,000 " 

20 " 30 4>300 " 
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Railway Bridges — (Continued). 

Moving lotui per lineml 
Span in feet. foot t/emck track. 

30 to 40 3,700 pounds. 

40 " 50 3»300 *' 

50 '* 75 3»200 *' 

75 . " 100 3,100 " 

100 " 150 3,000 ** 

1 50 " 2CX> \ 2,900 ** 

200 *' 300 2,800 ** 

300 " 400 2,700 " 

400 ** 500 2,500 " 

Floor beams and stringers are really bridges of short spans 
equal to their lengths, consequently they must be designed 
for the heavy loads belonging to those short spans. Fig. I 
shows the locomotive weight specified by Mr. C. Schaler 
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Smith ("American Engineer,** May, 1881), for the design of 
beams and stringers for a bridge at Milwaukee, Wis, In 
good practice it is customary to consider the heaviest loco- 
motive which can possibly pass over the bridge. The moving 
load for the whole bridge is frequently taken as a train con- 
sisting of two such engines, followed by a train of heavily 
loaded cars, weighing, perhaps, 2,000 to 2,500 pounds per 
foot of each track. 

The following is taken from the " Railroad Gazette *' of 
17th Dec, 1880, and applies to the single-track bridge 
at Plattsmouth, Neb. ; George Morison, C. E., Chief Engi- 
neer : 
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" The general specification on whicli the entire superstruct- 
ure was proportioned provides for a uniform moving load of 
2,000 lbs. per lineal toot, preceded by two locomotives, each 
weighing 150,000 pounds on 50 fi:et, the additional 50,000 
pounds of iocomolivo weight being supposed to be concen- 
trated on a length of 20 feet," 

The moving load for the fixed and draw spans of the 
Albany and Greenbush bridge, Alfred P. Boiler, C, E., Chief 
Engineer, are given below. This bridge is remarkable in 
view of its heavy load and span (400 feet of draw) ; it carries 
a double-track railway above, and carnage-road with sid^ 
walks beneath. 
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Fixfd Spans. 

General live load for railway, 5,000 lbs. per lineal foot, 
Extreme panel load for railway, 10,000 lbs. per lineal U 

for stringers. 
Extreme panel load for railway, g,ooo lbs. per lineal foot, 

for floor beams and counters. 
General live load, roadway and sidewalks, 1,806 lbs. per 

lineal foot. 
Extreme panel load, roadway and sidewalks, loo lbs. per 

square foot, for flooring system, counters, and hangers. 
Concentrated wheel load, 3,000 lbs. at centre of stringers 

of roadway. 

Draw Span. 

General live load for railway, 5,000 lbs. per lineal loot, i 

arm loaded. 
General live load for railway, 4,480 lbs. per lineal foot,! 

arms loaded. 
General live load for roadway, 1,800 lbs. per lineal fo« 

one arm loaded. 
General live load for roadway, 1,500 lbs. per lineal foot, 

arms loaded. 
Extreme panel loadings for flooring system and counters, as 

for fixed span. 
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SAFETY FACTOaS AND WORKIXG STRESSF.S. jjg 

[ The railway loads per lineal foot are carried by the two 
icks. 

Art. 7S.— Safety Facton and Workitig StrmsM. 

Although the subjects of safety factors and working, 
:resses properly belong to the domain of the resistance of 
.aterials, they may here be touched upon in a general 

iner. 

The fixed weight of a long span bridge is much greater, 

T foot, than that of a short span. Again, it has been seen 

the preceding article that the moving load for a long 

lan is much less than that for a short span. For both these 

:a5ons. the variations of stress in passing from a loaded to 

an unloaded condition are much greater in the material of a 

short span than that of a long one. Consequently, the 

material will be much more fatigued in a short span than in 

a long one. 

Although the subject of the fatigue of metals is yet 

in an unsettled state, it is clearly established that these 

conditions of stress in short spans demand a larger safety 

:tor, or smaller working stress, than those in the long 
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Again, in any bridge or truss whatever, carrying a moving 
load, some parts are subject to a much greater variation of 
stress in the process of first being subject to, and then 
relieved of, loads than others. 

Counter- braces may not be, and probably are not, strained 

all by the fixed load ; but they take a proper working 

CSS under the action of the moving load. 

The condition of loading for greatest stress in any main 

ib member, except those at the ends, is a partial covering 

the span. But the fixed load is distributed over the whole 

Hence the variation of stress in the main web 

lembers will be greatest at the middle of the span, and least 

the end. At the centre, however, the variation is much 

than in the counter-braces. 

The fatigue of the material, therefore, requires that the 

•eatest safety factors, or hast working stresses, be found in 



330 DETAILS Off CONSTRUCTlOtf. 

the counter-braces ; and thai the working stresses in the main 
web members at the centre be greater than those in the counter- 
braces, but less than those in the main web members at the ends 
of the truss. 

The disposition of the moving load tor the greatest chord 
stresses is, in all cases, essentially the same as that of the fixed 
load. Hence the variation of stress will be essentially the 
s^ne throughout the chords, and the safety factor or working 
stress may be uniform throughout each chord ; the safety 
factor being the same as that in the end web members 
sustaining the same kind of stress. 

If a structure is to carry a fixed load only, the safety factor 
may be three for wrouglit-iron and steel, and possibly as small 
for good qualities of cast-iron and timber. As a rule, how- 
ever, cast-iron and timber require a larger safety factor than 
wrought-iron and steel. Local circumstances affect, to a 
great extent, working stress. If the risk {respecting life and 
property) attending failure is small, the safety factor may be 
small also. But if the risk is great, the safety factor must be 
correspondingly great. 

In the truss members of long span bridges of wrought-iron 
and steel, the safety factors may vary from three and a half 
or four to five ; but in short spans of the same material, they 
should vary from about five to six or eight. 

Good cast-iron should be found with safety factors varying 
from six to ten, while those for timber may vary from eight 
to twelve. 

It is not to be supposed from these large safety factors 
that the determination of the stresses or the character of the 
various materials is so excessively uncertain. It ie certainly 
true that there is some indetermination in these respects, but 
only a little in comparison with that connected with the mode 
of apflication of the moving load. 

With a perfect condition of track, a rapidly moving train 
■would approximate very closely to a " suddenly " applied load, 
causing double the stress and strain of the same load applied 
" gradually." For this reason some engineers have doubled 
the moving loads, in making their calculations, and then 
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fixed the values of the safety factors as if all loads were 
gradually applied. 

But no track is in perfect condition, and all rough places, 
or lack of continuity, such as rail joints more or less open, 
produce shocks which cause greater stress than any suddenly 
applied loads. The amounts of these last stresses are inde- 
terminate, for the extent of their causes can scarcely be 
determined. 

Again, Mr. J. W. Cloud, C. E., at the Philadelphia meeting 
of the American Institute of Mining Engineers, Februar}'-^ 
1 88 1, pointed out the existence of certain unrecognized 
stresses ; such as those caused by the vertical component of 
the thrust of the connecting-rod of a locomotive, which 
alternates in direction twice in each revolution of the driving- 
wheels, thus producing a pulsating effect, as well as those 
which arise from the lack of balance of the driving-wheels in 
a vertical direction. 

All these causes produce stresses which it is impossible to 
measure, and the safety factor must cover all uncertainties. 

It is possible that a more highly perfected track and the 
production of more nearly uniform material in connection 
with an extended experience may justify the reduction of 
safety factors. 

The following "Table of Tubular and Truss Bridges for 
Single and Double Track Railways, constructed of Iron and 
Steel and having Spans exceeding 300 Feet," gives the working 
stresses, loads, and other interesting data of some of the prin- 
ciple bridges of the world. It is taken (with the exception 
of No. 18) from the ** Proceedings of the Institution of Civil 
Engineers" of Great Britain, Vol. LIV. The greater portion 
of it is there given in connection with a paper by Mr. T. C. 
Clarke, on ** Long Span Bridges." 
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GENERAL OBSERVATIONS, 



Art. 79. — General Observations. 
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All abutting surfaces in bridges, or similar structures, 
should be very carefully machine finished. 

Where pins bear against portions of the upper chord, as at 
c^ d, and e of Fig. 5, PI. III., the amount of bearing surface 
should be determined as for rivets, and sufficient area given 
by riveting on thickening plates, if necessary. A thickening 
plate is shown at the joints of the same figure. The num- 
ber of rivets for the thickening plate is determined by the 
amount of pressure allowed on each one, as has already been 
shown. 

If a finished piece is to fit into a finished cavity, however 
well the work may be done, there must be at least -^ inch 
" play." 

One end of a truss bridge, unless the span is very short, 
usually rests upon " expansion ** rollers, from two to four 
inches in diameter. An approximate formula for the resist- 
ance of such rollers is given in the Appendix. 
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In a paper presented to the American Society of Cn 
Engineers (Transactions, Vol, X.), Mr. C, Schalcr Smith gives 
some very valuable information in regard to wind pressure. 
The highest observed pressure which has come within his 
knowledge is 93 pounds per square foot. This pressure 
derailed a locomotive at East St. Louis, Mo., in 1871. In his 
own specification he says: — 

" The portal, vertical, and horizontal bracing shall be pro- 
portioned for a wind pressure of 30 pounds per square foot 
on the surface of a train averaging 10 square feet per lineal 
foot, and on twice the vertical surface of one truss." 

The wind pressure on a train is a moving load, and should 
be so considered, while the wind pressure on the trusses is a 
fixed load. 

His experiments on the Rock Island draw-bridge showed 
that the wind pressure against the two trusses was over 1.8 
times that on the exposed surface of one. 

Again, quoting from his paper: — 

" The Erie speciBcations are as follow: 

Fixed load, roadway chord, 150 lbs. per lineal foot. 
" " other " 150 " " " " 

Moving " roadway " 300 " ' 

Iron in tension at 15,000 pounds. 
compression, factor 4. 



" The Pittsburg, Cincinnati and St. Louis Railway r 
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3CX) pounds per foot for the train, and 30 pounds per square 
foot on one truss only. 

" For the bridge over the Missouri, at Glasgow, 50 pounds 
per square foot on one truss, and 300 pounds per lineal foot 
of train were used. 

" For the Eads bridge, at St. Louis, 50 pounds per square 
foot on the structure alone was the specified pressure. 

** For the Kentucky River bridge the wind pressure was 
assumed at 3I'} pounds per square foot on spans, train, and 
piers, and factor 4 was used in proportioning the bracing. 

" The Portage bridge. New York, was built to resist 30 pounds 
per square foot on structure and train, and 50 pounds per 
square foot on the structure alone. 

" The 520 feet span over the Ohio, at Cincinnati, was de- 
signed to withstand 50 pounds per square foot on structure 
alone, or 30 pounds per square foot on train and structure 
combined. 

" A fully loaded passenger train, and the heaviest possible 
freight train, will leave the track at the respective pressures of 
31 i and 56^ pounds per square foot.** 

Engineers frequently specify 30 pounds per square foot of 
trusses and train combined, or 50 pounds per square foot of 
trusses alone. 

300 pounds per linear foot of single track is also frequently 
used for moving wind pressure on train. 

The following refers to the single track bridge at Platts- 
mouth, Neb., and is from the Railroad Gazette^ 17th Dec, 
1880: "The structure is also designed to resist a lateral wind 
pressure of 500 pounds per lineal foot on the floor, and 200 
pounds per lineal foot on the top chord of the through spans 
and the bottom chord of the deck spans ; these quantities are 
about equivalent to a wind pressure of 30 pounds per square 
foot on the bridge when covered by a train, and to 50 pounds 
per square foot on the empty bridge." 

The following are a set of rules recommended for English 

practice, almost exactly in the words of the report : 

22 



,,8 tVlND STRESSES AND BRACED I'lEftS. 

Report of the Committee appointed to consider the Question. 
of Wind Pressure on Railway Structures, by the Board oj 
Trade of London, made on the 20th May, 18S1. 



The following rules were recommended: 
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(1). For railway bridges and viaducts, a maximum prcssiii 
of 56 pounds per square foot should be assumed for purposes 
of calculation. 

(2). That when the bridge or viaduct is formed of close 
girders, and the tops of such girders are as high or higher 
than the tops of passing trains, the total wind pressure upon 
such bridge or vkiduct should be ascertained by applying the 
full pressure of 56 pounds per square foot to the entire verti- 
cal surface of one main girder only. But if the top of a 
train passing over the bridge is higher than the tops of the 
main girders, the total wind pressure upon such bridge or 
viaduct should be ascertained by applying the full pressure 
of 56 pounds per square foot to the entire vertical surface, 
from the bottom of the main girders to the top of the train 
passing over the bridge, 

(3). That when the bridge is of the lattice form, or of 
open construction, the wind pressure upon the outward or 
windward girder should be ascertained by applying the full 
pressure of 56 pounds per square foot, as if the girder were 
a close one, from the level of rails to the top of the train 
passing the bridge or viaduct, and by applying, in addition, 
the full pressure of 56 pounds per square foot to the as- 
certained vertical area of surface of the iron work of the 
same girder, situated below the level of the rails or above 
the top of a train passing over such bridge or viaduct. The 
wind pressure upon the inward or leeward girder or girders 
should be ascertained by applying a pressure per square foot 
to the ascertained vertical area of the surface of the iron 
work of one girder only, situated below the level of the rails, 
or above the top of a train passing over the said bridge or 
viaduct, according to the following scale : 

(n). If the surface area of the open spaces does not 
exceed | of the whole area included within the outline of 
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girder, the pressure should be taken at 28 pounds per square 
foot. 

{b). If the surface area of the open spaces He between | 
and \ of the whole area included within the outline of the 
girder, the pressure should be taken at 42 pounds per square 
foot. 

{c\ If the surface area of the open spaces be greater than 
J of the whole area included within the outline of the girder, 
the pressure should be taken at 56 pounds per square foot. 

(4). That the pressure upon arches and piers of bridges 
and viaducts should be ascertained, as nearly as possible, in 
conformity with the rules above stated. 

(5). That in order to insure a proper margin of safety for 
bridges and viaducts, in respect of the strains caused by wind 
pressure, they should be made of sufficient strength to with- 
stand a strain of 4 times the amount due to the pressure 
calculated by the foregoing rules. And that for cases where 
the tendency of the wind to overthrow structures is counter- 
balanced by gravity alone, a safety factor of 2 will be 

sufficient. 

John Hawkshaw. 

W. G. Armstrong. 

W. H. Barlow. 

G. G. Stokes. 

W. YOLLAND. 

The evidence before us does not enable us to judge of the 
lateral extent of the extreme high pressures occasionally re- 
corded by anemometers, and we think it desirable thct 
experiments should be made to determine this question. If 
the lateral extent of exceptionally heavy gusts should prove 
to be very small, it would become a question whether some 
relaxation might not be permitted in the requirements of 

this report. 

W. G. Armstrong. 

G. G. Stokes." 

Up to the date of the above report, the highest pressure 
per square foot ever recorded at Glasgow was 47 pounds ; 
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while the highest ever recorded at Bidston, near Liverpool, 
was 90 pounds per square foot. At another time, at Bidston, 
80 pounds per square foot was recorded. 

The above committee also found that, if P is the maxi- 
mum pressure per square foot, (•'the maximum run of wind 
in miles per hour, both these quantities being observed 
by anemometers, the following equation very nearly held 
true : 



Vi 



Art. 61.— Ssray Bracing. 



J 



The construction of the upper and lower sway bracing of 
a truss must, so (ar as the jar and oscillation of a moving . 
road are concerned, be a matter of Judgment ; but the stresses 
due to the action of the wind may be determined with sufH- 
cieiit accuracy. 

Although a moving train will partially shelter one truss, it 
seems no more than prudent, with the ordinary open style of 
American bridge, to consider the action of the wind as exist- 
ing constantly, during the passing of a train, over the whole 
of the projection of each truss in the bridge on a plane nor- 
mal to the direction of the wind. If this is considered e.xces- 
sive, however, for low trusses, that portion of the windward 
truss sheltered by the train may be omitted. 

Let Fig. I and Fig. 2 represent a single concellation rail- 
way truss bridge, with vertical and diagonal bracing, and 
let the wind be supposed to blow in the direction shown 
by the arrow, which is normal to the planes of the trusses. 
Primed letters belong to the truss DC'N'O,' but all are not 
shown. 

As the truss is a " through" one, all wind pressure against 
the floor system will act in the lower chord. 

With the wind pressure between thirty and forty pounds 
per square foot, the following loads may be taken at the 
various panel points : 



A 



\ , 
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At C, G\ K, Z', M\ N\ C,G,K,L,M,N. 0.35 tons. 

'' DzxiAa 0.18 " 

" Intermediate points 0.35 " 

" ^ and (9 o, 18 " 

" Intermediate points 3.01 " 




Fig. I. 




The amount 3.01 tons involves the pressure against the 
train, which is taken at 300 pounds per foot of track. The 
panel length is fourteen feet, hence the panel train load is 
14 X 300 = 4,200 pounds =2.10 tons. The wind pressure 
against the floor system is assumed to be 0.56 ton per panel, 
while the panel pressure against each truss is 0.35 ton. The 
sum of the three quantities is 3.01 tons. 

T/ie panel train loads (2.10 tons) constitute a continuous, mov- 
ing load ; the wind pressure against the trusses and floor sys- 
tem, however, forms a fixed load. 

The following are the truss dimensions, including the 
lengths of the braces -^Fand A*P : 



Panel length = 14.00 feet. 
Width, BD = 14.00 
CF = 7.00 



(I 



(< 



Height of truss = 16.00 feet 

BC — 21.26 
AC ^ 4-04 



u 



« 



FA^ 8.08 feet. 
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Normal from Con FA = FA x sm 30° = 3.5 feet. 

Let H represent half the total wind pressure concentratedj 
in the two upper chords ; this will be resisted (if the bridge i^l 
not blown bodily off the abutments dr piers) by an equal! 
force of friction developed at the feet B and D, or O and Cf ' 
of the end posts. Let //' and H" be the forces developed at 
Z* and B. lespectively. These horizontal forces will tend to 
overturn the trusses in a vertical plane normal to the axis of -y 
the bridge. A vertically upward reaction, V, will be deveUB 
oped at B. and an equal downward one (a portion of thcB 
weight of the truss DC'N'O') at C. Considering the left|^ 
end of the truss, the following three conditional equations 
equilibrium must be fulfilled : 



//■+ H''+ H = 



(H- + H")x 16 +rxi4 = 



(3). 



The vertical force acting at C is represented by V. 

These three equations are not sufficient for the determina* 
tion of the four quantities H', H", V, and V. The forces/ 
and H" are therefore indeterminate in magnitude, except t 
this respect, their sum must be equal and opposite to //. 

With the form of porta! bracing shown in Fig, l, it will bel 
assumed in this article that H' — o and H' = — H. Other 1 
and better forms of portal, together with other assumptions 1 
in regard to the horizontal reactions If and //", will be given 'f 
in succeeding articles. 

From the data already given : 



H = 



c 0.35 = 



Hence by Eqs. (3) and (3) : 

(''= 2.40 tons = — v. 
At the point E' let there be supposed to act two forcQ 
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equal, opposite, and. parallel to H and H' ; these two forces 
will balance each other. Instead of the two forces //and ' 
H'j there may then be taken two couples, if =■ H' x 14, and 
M= Hx\6. 

In the same manner at E let two forces equal, opposite, 
and parallel to Fand V be supposed to act. Then, instead 
of V and P, there will exist two couples, M" = F x 14, and 
Ar = r X 14. 

The couples whose moments are M and M'" balance each 
other, as is shown by Eq. (3). The couples whose moments 
are M and M" have axes at right angles, consequently their 
resultant will be : 



M^ = ^/M'^-^ M"^ = 14 V'(2.i)«+ (2.4)2 = 44.66 ft. tons. 

The plane in which M^ acts, contains the chords BO and 
CN'f and the direction of the couple is such that it causes 
compression in C'N' and tension in BO. Consequently for 
those stresses 

{BO) = — {C'N') = 44.66 -r- 21.26 = + 2.1 tons. 

As a check ; {BO) = + F x 14 -r- 16 = + 2.1 tons. 

The following stresses in the members of the portal of the 
bridge may now be written : 

{A'F') = H X 21.26 -7- 3.5 = + 12.8 tons. 
{A'C) = - 12.8 x sin 30° = - 6.4 " 
{PC) = - 12.8 X cos 30° = - ii.i " 

The greatest bending moment in DC exists at P^ and is : 

M^ = 2.1 X (21.26 — 7.00) = 29.95 ft. tons. 

The stress in BC is : 

/r>x-\ 21.26 ,y 21.26 Tr 

{BC) = X H= ^x F = — 3.19 tons. 
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The compressive stress in DC, due to the vertical loading; 
is relieved by the same amount. 

The greatest bending moment in CC exists at ^', and has 
for its value : JH 

J/j = {BC) X (14.00 - 4.04) — 31.77 ft. tons. ^ 



With the wind in the direction taken, the brace AF must 
be supposed not to act at all. Both moments M^ and M^ pro- 
dticc bending in the plane of the portal. 

The end post i^DC), always of uniform cross section, must 
be able to resist with a. proper safety factor, at F', the bend- 
ing moment M^. The sway brace CC must be able to resist 
the moment M^ at both the points A and A' . 

The ordinary truss stresses in the sway bracing remain to 
be found. 

In both upper and lower sway bracing the inclined members 
are tension ones only, .while those normal to the planes of the 
trusses (in the direction of the wind) sustain compression 
only. 

In the upper chord the truss C'GMN' has the 
points of support C and N'. The following trigonomel 
quantities will be required : 



Angle G'KK' =45° 



tan 45° 



The upper web stresses are the following : 

{KK) = = - 0.3s tons. 

(O'K) = + 2 X 0.3s X scc4S° = + 1.00 " 
{G'G} = - 3 X 0.3s = - 1.0S " 

(GC) = + 4 X 0.35 X see 45° = + 2.00 " 
(CC) = = + a35 " 

The resultant upper chord stresses are the following: 

(CC) = — 4 X a35 X tan 45° - 2.1 = + 3.50 tons. ] 
{G'M'=—2 " " " —1.40=— 4.20 
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(GK) = + 4 X 0.35 X tan 45^ = + 1.40 tons. 

\kL) = + 2 " " " + 1.40 = + 2.10 " 



u 
« 
ii 
a 
u 



The lower resultant web stresses are the following, remem- 
bering that the train* pressure is a moving load, and that 
D and (^ are the supporting points for the lower sway truss : 

(0'^)=+ 6xa30xj^^4S^ =4- 2.56 tons 

(GG')=- 6x0.30 -0.35 = - 2.15 

{P'Q) = +10x0.30x5^^45° -f 2x0.63 xj^^45°= + 6.04 
{PP') = — 10x0.30 — 3 X 0.63+ 0.28 = — 4.61 

(E'P) = + 15x0.30x^^^45° +4x0.63XJ^'^45°= + 9.96 
{££') = — 15 X 0.30 — 5 XO.63+ 0.28 = — 7.37 

(dE) = +21 xa30xjr^45° + 6x0.63x^^^45°= + 14.31 

The + 0.28 ton, which is a release, is due to the fact that 
the /la// panel wind pressure against the floor system is 
^ded to 0.35 ton, and taken once too many times in each of 
the struts. 

The quantity 0.30 will be at once recognized as 2.10 -r- 7. 
The counters S' T and R'S are not required to resist wind 
stresses, but should never be omitted, in order that the 
general stiffness of the bridge may be increased ; their cross 
sections may be the same as that of Q'R. 

The lower resultant chord stresses are the following : 

{DE') = —(6x0.63 + 3x2.10) tan 45° = — 10.08 tons. 
{E'P') = - (4 X 0.63 + 2x2. 10) " - 10.08 = - 16.80 '* 
{P'S') = - (2 X 0.63 + 2.10) " - 16.80 = - 20.16 " 

{EP) = - {DE) + 2.10 = + 12.18 tons. 
{PQ) = - {E'P') + 2.10 = + 18.90 
Iqr) = - {P'S) + 2.10 = + 22.26 






Although not a part of the lower chord of the truss under 
consideration, BE sustains the stress : 

{BE) = + 2.10 tons. 



* The train is taken as passing from right to left. 
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If the wind blows in the opposite direction to that assumed, 
the chord stresses which have been determined for CM' will 
be found in CN, and vice versa. Precisely corresponding 
changes are to be made in the lower chords. The stresses in 
the sway struts would not be changed. That diagonal in 
each panel which is not stressed in the preceding instance, 
would sustain a tensile stress exactly equal to that already 
found in the other diagonal. 

It is therefore necessary' to make calculations for but one 
direction of the wind. 

So far as equilibrium is concerned, in the prececjing inves- 
tigation, there might be taken //" = ~ H and If — o. In 
such a case 5C would be subjected to a bending moment at 
F equal to — M„ ; and the bending moment in CC, at A, 
wouldbc — J/j; while the stresses mFA,AC,anACF-wo\AA 
be respectively - {FA'), - {A'C), and - (C'F'). For these 
reasons all parts of the portal should be built to sustain th? 
stresses and moments which have been found when affected 
by opposite signs. 

It should be remembered that the parts EC, E'C, and CC 
are subjected to combined direct stresses and bendings to 
the respective amounts that have been found. 

Those portions of the lower sway struts EE', PP", etc., 
extending from the windward rail to the lower, chord BO 
(with the direction of the wind first assumed), are each 
subjected to a compressive stress, in addition to those already 
found, nearly equal to an amount to be determined in the 
following manner : Let N represent the number of panels 
in the sway truss, and « the number of any strut, from the 
farther end of the truss, counting the end itself zero, i. c, for 
PP\ n will be 5. In the case taken A'^ 7. The amount 
desired will then be the panel train wind load multipUed byJL 

added to the panel wind pressure against the floor system; or in 
the example. 



2.10 X 1- 0.56 = 0.30 X « + 0.56. 



A 
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This compression in the struts arises from the fact that the 
wind pressure against train and floor system is not applied 
at panel points, but on the struts between their ends^ and that 
a panel load of the former must be added to the ordinary 
strut stress which exists with the head of the train at the 
strut considered. 

This involves, however, a very small error on the side of 
safety, since the pressure is divided between the two rails. 
Considering both directions of the wind, it will be seen that 
these struts are subjected to this amount of compression 
from end to end, in addition to the regular truss stresses. 

All the preceding wind stresses are to be combined with 
those due to the vertical loading, wherever they act in the 
same piece. 

If the portals are vertical, the stresses {^Bo) and {C'N'\ due 
to the moment M^y will be zero ; also the span of the upper 
sway truss will be equal to that of the lower. No other 
changes will occur. 

If the bridge is a deck one, when possible, the ends of the 
chords should be secured directly to the piers or abutments, 
as no bending will then take place in the end posts. If this 
is not possible, the calculations will be precisely the same as 
those already indicated, with possible changes of signs in 
some of the stresses in the end posts or braces. In deck 
bridges, however, the wind pressure against floor system and 
train will be found in the upper chord. 

The method of treatment which has been exemplified is, 
therefore, perfectly general and sufficient for all cases. 

In deck bridges, tension sway braces (contained in planes 
normal to the trusses) are introduced, extending from either 
chord of one truss to the diagonally opposite one in the 
adjacent truss. So far as pure equilibrium is concerned, when 
horizontal sway trusses are present, these are superfluous; but 
they are very efficient in their influence on lateral stability. 
The actual stresses, in these members, in any given case, are 
indeterminate, but their greatest possible values are easily 
fixed. Let the total wind pressure exerted at a pair of oppo- 
site panel points in the two upper chords be represented by 
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P", and let a represent the angle between a horizontal line 
and the tension brace in question. Then the greatest possible 
stress which is required will be : T' — P sec ct. 

This assumes that fl// the wind pressure is carried to the 
lower chords and resisted by the lower sway truss. 

In the case of vertical end posts, where the upper chord 
ends are not secured directly to piers or abutments, the 
stresses in the end lateral diagonals become perfectly deter- 
minate. In fact, in such a case, the braces AP, A'F', Figs. 
I and 2, become the diagonals in question. Let P represent 
half the total wind pressure in the two upper chords. The 
tensile stress in either one of these diagonals {if u retain* 
preceding signification) will then be ; 



r=/i seciv 



4 



Let P represent the total wind pressure against the bridge, 
and P" the total wind pressure against the train when it covers 
the whole span. Then let W and \\" represent the total 
weight of bridge and train respectively ; also let / be the 
coefficient of friction between the foot of end post and the 
supporting surface underneath. In order that neither truss 
shall possibly be moved bodily by the wind, with the bridge 
empty or covered by a train, there must exist the follo' 
relations : 

P</(f-=K).,„,P.P''</(i^'-,K.) 

In the cases of through bridges, or of deck bridges 
upper chords not secured to abutments, f-', is to be found by 
applying the general form of Eq. (3) to both bridges and train. 

If the ends of the chords are secured to the piers or abut- 
ments, the resistances of these fastenings will take the place 
of the frictional resistances. 

One other effect of the wind pressure against the train 
remains to be noticed. The normal action of this pressure 
will not permit the train's weight to be distributed between 
the two chords which carry it, according to the law of the 






to the law of the I 
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lever. Let /" represent a panel wind pressure against the 
train, and let h represent the height of its centre of ac- 
tion above the points of support. Also let b represent the 
horizontal distance between centres of trusses; then 

' = ^ (4). 

will be the amount of load which is transferred from the 
windward to the leeward truss. In other words, the panel 
leeward load will exceed the panel windward one by 2/. If, 
therefore, w is a panel moving load, the action of the wind 
will cause all moving load truss stresses to be increased by an 
amount found by multiplying the stresses, determined with- 
out regard to the wind, by — . Also, if s is the distance 

(normal) between two adjacent parallel stringers, the increase 
of load on one, and decrease of that on the other, will be : 

p"h 

Eq. (S) gives the variation of load on the floor beam also. 
Without essential error, // may be measured downward from 
the centre of the body of the car. 

Specifications sometimes require calculations to be made 
with an unloaded bridge. In such a case the methods are 
precisely the same as the preceding, with the train wind 
pressure omitted. 



Art. 82. — ^Transverse Bracing for Transferring Wind Stresses from One 

Chord to Another — Concentrated Reaction. 

In the preceding Article it has been supposed that the wind 
pressure is resisted by sway trusses in the horizontal planes of 
both upper and lower chord. It may sometimes be desirable 
to transfer all the wind pressure to the lower chord, or to 
the upper. 
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The section of a through truss bridge, in which it is 
desired to carry all the wind pressure to the lower chord, is 

represented in Fig. i. AC and ND are 
posts directly opposite to each other in 
the two trusses. AN and OB are lateral 
struts, while AO and BN are lateral ties. 
Let the wind be supposed to blow from 
right to left, as shown by the arrow. 
According to the principles of the pre- 
ceding Article, in consequence of its 
direction the wind will relieve the truss 
AC of a, part of the weight which it 
carries, and add the same amount to that carried by the 
truss DN. 

If the direction of the wind were reversed, the truss DN 
would be relieved, and AC would receive the increase of 
loading. 

Let this relief (or increase) of truss load, per panel, be de- 
noted by w ; it zvill act as though hung from B. 
The following notation, also, will be used : 




Fig. I. 



AB = d= ON. 



BC^ a=. OD. 



DC= ANz= b.. 



F = total wind pressure, per panel (for one truss), on 

\{AB + BC). 
F' = total wind pressure, per panel (for one truss), on 



\AB. 



With the assumed direction of the wind, the tie A O will 
not be stressed. As usual, the plus sign ( + ) will indicate 
tension, while the minus (— ) sign will indicate compression. 

In this article the total horizontal reaction, equal to 
2{F + F')y will be taken as concentrated at D. 
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There will then result : 

Rehef in truss AC = w •= 2f — ^^ j^ j. . (i). 

Compression in -^iV= — {AN) = ^ F\ . . {2). 

Tension in BN = + (BN) = + wsecABN. (3). 

Compression va BO = — {BO) = — F+wtan ABN) 

= - (f + 2F' + [F + F'-\-^\ 

= F-2iF^F')(^. (4). 

Compression in ND = — {ND) = — zr. . . (5). 

The horizontal force 2{F -\- F') acts toward C, at jD, pro- 
ducing a bending in DN which has its greatest moment M 
at O. Hence: 

M=2{F '\- F')a (6). 

If K is the greatest intensity of compressive stress (due to 
flexure) in the cross section of the post DN, at O, d^ the 
greatest distance of any compressed fibre from the neutral 
axis of the cross section, and / the moment of inertia of the 
section about an axis passing through its centre of gravity 
and lying in the plane of the truss ; then, by the well-known 
formula — 

^ = ^ (7). 

At O there will then exist the intensity of compression : 
— f — + A') ; in which q is the area of cross section of 
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the columti. The intensity o{ compression — f — + -^J '^ 
in addition to the regular truss stresses arising from vertical 
and wind loads. 

If, for lack of head room, a flanged beam only is used, 
as shown in Fig. 3, instead of the lateral bracing of Fig. 
I, then that beam will be subjected to combined compres- 
sion and bending. Let + F represent the total wind pressure, 
per panel, for both trusses, on lAB, and let w 
represent the release of weight in AB and in- 
crease in CD. 
Also let 

AB = a, and BD = b, \F is to be taken as 
M' applied at A and w, at the same point. Equal 
'""* " and opposite forces are also to be supposed 

to act at D. The moment ^^ 

M = Fa = wb, exists at C and gives; ^^| 



With the direction of wind shown by the arrow, the bend- 
ng caused by ic will increase uniformly from nothing at A to 



Bfft C. The bending moment, therefore, to be resisted by this 
ftbeam ACi and by the joints betvieen it and the chords A andC, 



M= Fa = Tvb. 
The direct compression in ACis: 

(AC)=-iF. 



(9)fl 



Hence, if g is the area of cross section of the beam, and if 
JC, I, and d^ retain the same general signification as in Eq.(7), 
the greatest intensity of compression in the beam (at its 
ends) will be : 
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-(i-:^^o <■»)• 



The direct compression in CD is 

{CD) = -w. 



(II). 



The bending moment in CD at C is : 



M = Fa. 



(12). 



The greatest compressive intensity is found at once by 
Eq. (lo), after writing w for IFy and giving to 
the remaining notation its general signification. 

The two preceding cases are those of through 
trusses. In the case of a deck truss the lateral 
bracing is of much more simple character ; it is 
shown in Fig. 3. At C and A are the two lower 
chords. CA is a lateral strut, while BC and 
DA are lateral ties. No parts are subjected to 
bending. 

If F is the panel wind pressure (for both trusses) acting 
along A Cy there will result : 

{CA) = -\R (13). 

{BA) = - cc'. (14). 




Fig. 3. 



{BC) = + VF^ ^ w^ (15). 

The horizontal component of {BC) is equal to /% and 
acts at B, Thus all wind pressure is carried to the upper 
chord. 

The compression {BA) is in addition to the regular truss 
stresses induced by the vertical and wind loads. 

By these methods all the wind pressure may be carried to 
either chord. The truss stresses of the sway truss in the 
horizontal plane of that chord have already been found in 
the preceding Article, or rather, the methods for finding 
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them and the effect of if on the stresses in the vertical 
trusses have there been completely given. 

The wind has been taken in one direction only; with the 
other direction, opposite but symmetrically located parta 
would be stressed by the amounts found. 



ArL 63. — Tranavena Bracing with Dlstribatad RoaoUoBa. 

In the preceding articles it has been assumed that the hori- 
zontal reactionsof the wind pressure were concentrated at the 
extremity (top or bottom, as the case may be) of one post in 
thetranversc panel considered. This assumption, however, 
may not be admitted; or some other may be substituted in 
its place. 

Let Fig. 1 represent a transverse panel, with the wind 
blowin*; in the direction shown by the arrow. 

As before, the following notation will be used : 



AB = ON = d. 
DC'. 



BC= OD^ 



/'=total wind pressure, per panel, for one truss, on \{AB-¥BC'). 
F'= ' " " ■' '■ \AB. 

vi = relief of load in truss AC. 

Instead of concentrating the entire hori* 
zontal reaction at D, if » is a quantity less 
than unity, there will be assumed: 



^. 






Horizontal reaction at /> = 2» (F + F). 

" C == 2(1 -r,){F+F). 

The wind pressures on iBC = iOD act 
directly at Cand D in the horizontal sway 
truss, and, consequently, will be omitted 
from consideration. 
As in the preceding article : 



2(F (n -^ if) + Fa) 



A 
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Taking moments about B : 
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(^iV)=-p'+2(i-«)(/r + ^')-^]. . . (2). 
Taking moments about N\ 

^OB)=-\^-!^^£±nS^ldL-^ . . . (3). 

Taking moments about the intersection of AN and OB at 
the distance infinity (oo) from the figure: 

{BN) 00 cos ABN= + [w oo + 2n(F + F')a] ; 
•. {BN) ^-hwsec ABN = 6^^!i!l±^-l^^.secABN. (4). 

The stress in BN^ therefore, remains the same whatever ■ 
may be the assumptions in regard to the horizontal reactions. 

The bending moment at O, about an axis lying in the plane 
of the vertical truss, will be : 

M= 2n{F-^F')a (5). 

Since the windward truss is always relieved of a part of its 
weight the bending moment !2{i — n) {F ■\- F')ay at .5, will 
seldom or never be needed. 

The value of M, from Eq. (5), put in Eq. (7) of the pre- 
ceding Article, and in the expression following that equation, 
will enable the greatest compressive intensity in the post to 
be found. 

If the transverse panel. Fig. I, represents the portal of a 
bridge, the distances AB SLtid BC, or rf and ^, represent in- 
dined distances in the plane of the portal. F' will {or may) 
then include, also, the reaction of the horizontal sway truss in 
the plane of AN, while F will include the reaction of the 
horizontal sway truss in the plane of OB^ if there is such a 
sway truss. 
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If ;; = I, as is sometimes assumed : 



(^AO = -p'FH-(+ i^0-|-]- • • • 



.(6). 



{OB) = - [ir'+ (/r + ^') JJ = ^AN). . . . (7). 

If « = I in the formulae of this Article, those of the cor- 
responding cases in the preceding Article at once follow. 
In Fig. 2 let the notation be as follows : 



AB = CD= a. 



BD= CA ^ b. 



Total wind pressure for both trusses^ per panel, along 

AC=F. 



Horizontal reaction dX D = nF. . . 

B={i'-n)F. 



u 



• • • 



(8). 
(9). 



If Fig. 2 represents a portal, F will or may include the 
reaction of a horizontal sway truss. 

The bending moment on both Z>Cand CA, 
y at C, also on the joint at the same point, is : 



oJNi 



Mi = nFa, 



(10). 



Fig. 2. 



mii This is the greatest bending in DC and CA 
of that kind which produces compression in the 
lower flange of the beam CA, 
The relief of panel load in the truss AB and increase of 
that in CD is ; 



w = 



Fa 



(10). 



Let X represent any variable portion of CA ; then the 
bending moment at any point of CA is: 
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Fa 
M^^nFa-^wx^^nFa t-x. . . (ii). 



For the point or joint A^ x becomes equal to ^, while the 
expression for the moment is : 

M'\=^ — {\ ^ n) Fa (12). 

This is the greatest bending of the kind opposite to M^ , in 
CA. It is also the greatest bending in *AB. The con- 
nections at C must resist the moment Mi, while those at A 
must resist M\, 

The direct compression in CA is \F. 

Iln = i; Afi = -M\ = iFa (13). 

These various bending moments, substituted in Eq. (10) of 
the preceding Article for iM, will enable the greatest intensi- 
ties of stress in the members CA, CD, and AB to be at once 
found. 

Art. 84. — Stresses in Braced Piers. 

The general treatment of stresses in braced piers may be 
exemplified by that of a single " bent " represented by a 
skeleton diagram in Fig. i, in which the horizonal web mem- 
bers are compressive ones. The plane of the * * bent " is verti- 
cal and normal to the centre line of the truss whose end rests 
upon it ; or if the track is curved, this plane is normal to it. 
The bent shown in Fig. i may be considered one of a pair, in 
parallel planes, which, being braced together, compose the 
complete braced pier. The dotted rectangle -^iWiV!5 repre- 
sents a skeleton section of the truss supported by the piers, 
the upper chords of which rest upon the top of the pier at A 
and B. A skeleton section of the train is also shown. 

The direction of the wind is supposed to be shown by the 
arrows a, normal to the track at the top of the pier. If the 
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trusses are loaded with a train, the wind pressure against them 

and the train will be carried to the top of the piers in the 
manner shown in Art. 8i. The wind 
will also act against the pier itself. 

It will be shown hereafter that a 
force denoted by {if tan a) acts at A 
and toward the left. i. e., in a direc- 
tion contrary to that of the wind. 
Let the train be supposed to cover 
the whole of the two spans adjacent 
to the top of the bent (in all ordin- 
ary cases one of these spans will be 
the distance between two adjacent 
bents) ; then let H represent half 
the total pressure against trusses, 
and /^," half that on the train cover- 
ing the two spans. Then the total 
horizontal force to be taken as act- 
Fic. I. ing at A, and with the wind, will be 

{H + Pi' - 2t' tan a) added to the i 

wind pressure acting directly at A. 

In Fig. 2, cd represents this force, laid 

down to any desired scale- The small 

segments measured to the right of d 

represent the pane! wind pressures 

against the pier at the points C, E. 0, 

and A", while those shown on the left 

of c represent the panel pressures at 

B, D, F, H, and L. The panel pressures 

at A, B, K. and L are half those at the 

other points. 

Let W represent the total weight 

of adjacent trusses and moving load 

resting at the top of the pier- 
Let W^ represent the panel weight 

of the pier itself resting at the points Fic, 2. 

Cy E. G. D, F, H ; \ Wi will be taken as applied at the points 
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The wind pressure on the truss AMNB will cause an in- 
crease of truss reaction at Ay and an equal decrease of that 
at By which will be denoted by l\ This quantity Fis to be 
found by the general form of Eq. (3) in Art. 81. 

The height of the centre of action of P^' above A By Fig. i, 
is //. Also let d = AB. The pressure /\" will decrease the 
train reaction at A and increase that at B by the amount ; 

'■•. = ^^ (0. 

Consequently, if 

o 

the resultant reactions at A and By wirh the wind blowing, 
will be, respectively, 

WW 

— ^t'Tind- +/' (2). 

It has been implicitly supposed that two equal and oppo- 
site forces, equal in magnitude and parallel to Pi'y act along 
AB. One of these forms, with /V itself, the couple P^'h; 
the other is the wind pressure which, combined with the half » 
panel pressure at Ay and {H—2t' tan a), is represented by cd 
in Fig. 2. 

The quantity /' is the force of a couple whose lever arm is 
b. One force /' is therefore supposed to act at Ay and the 
other at B. Vx will be considered larger than V ; hence /' 
will act upward at A and downward at B. \i a is the angle 
between AK or BL and a vertical line, the /' at B will cause 
a compression in AB equal to /' tan a, while the /' at A will 
pull to the left by the same .imount. Consequently the force 
2/' tan a will act on the point A and towards the left. 

In the diagrams and in the equations which follow, positive 
and negative signs indicate tensile and compressive stresses, 
respectively. 
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The Stresses due to vertical loads at A and B^ and tht 
other panel points, will be the following : 



u 



u 



(AC)"=-(^-f+^)scca. 
{€£)■' = - ( " " + -p) " 
(£G)"=-(" " + ^) " 
{GK)' = -(^" "+—) " 

{DFy = -(" " +-p) " 
^w w\ 

(AB)" = - (y t yV ^^" "' 

{CD)" = -W, tan a. 
{EF)"= - " " 
{GH)"=- " " 

(kL)" = + (^- f + ^p) tar, a. 

The difference between the horizontal component in HL 
and {KL)" is 2/' tan a, and it acts towards the right. 

The stresses caused by the horizontal wind pressure acting 
through A, B, C, D, etc., are shown in Fig. 2, as has already 
oeen noticed. The diagonals sloping similarly to AD are as- 
sumed not to be stressed. The diagram explains itself. 

The resultant stresses, finally, are to be found by combin- 
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ing the results of the diagram in Fig. 2 with those expressed 
by the equations already written. They are the following : 



(AC) = - 
KCE) = - 
(EG) = - 
{G/C) = - 

{BD) = - 
(.DF)=- 
(Fl7)=- 
(7/Z) = - 



- — / + -^ j sec a. 



2 

>i « 

u « 

« « 



+ i"-) « +{C£). 
+-■-) " +(GK). 



— + /'+ — '^ sec a 

2 2 / 

2 / 



(( 



« « 






(t 



ti 



-{DF). 

- {Fin- 



(Ali) = -i{W+ »0 ian a - {AB). 

- W, tan a - {CD). 
" - (f.F). 
" - {Gil). 



{EI' ) 

(jTll) 



ti 



it 



Ckl) = + 



- (A'Z), 



It is not necessary to reproduce the stresses in the oblique 
web members, since they can be scaled directly from Fig. 2. 

All the stresses may be checked by the method of 
moments in the usual manner, and such checks should always 

be applied. 

The two reactions A' and R ' are the following : 

R =\{\V - 2t' + 8 fr,) + Ri. 

K = KJF+ 2/' + 8 W,) + R{. 
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It is to be remembered that Rl is to be taken as posilwt 
in these expressions ; also that ^1'= — R^, as shown in Fig. 2. 

The lateral force F-y to be resisted at the foot of the bent 
by friction or some special device, is the total wind pressure 
against the train, truss, and bent. 

If/' is the coefficient of friction at A" and L, Fig. 1, the 
lateral resistance of friction offered at K is fR, and that 
at L,f'R'. It is supposed that both the reactions R and 
R' are upward, also that both coefficients of friction are the 
same. 

The expression for {KL) has been written on the assump- 
tion that all frictional resistance is exerted at L. Strictly, 
however, the stress in KL may be taken as : 

(KL), = {'KL) - fR ; J 

always supposing, numerically, (Kl.) > f'R. ^* 



The circumstances of particular cases frequently require 
calculations to be made with the structure free of moving 
load, as well as covered with it. In such a case it is only 
necessary to put for W, in the preceding operations, the 
weight of trusses only. 

The wind has been taken in but one direction only, though 
the pier is to be designed for both directions, since it is only 
necessary in the resultant stresses to change the letters B, D, 
F, H, L, to A, C, £, G, K, and vice versa. 

If J/jV, Fig. I, should coincide with AB, or if the truss 
should rest upon the top of the pier, it would only be 
necessary to take /' = f'l + ]', remembering that /* is the 
distance (vertical) from the centre of 7*," to the top of the 
pier. 

It should be stated that 2/' tan a may be treated as a 
single force acting toward the left and along AB, Fig. i. It 
will then give rise to the diagram in Fig. 3, which shows all 
the stresses produced by its action. In that Fig. ad repre- 
sents 2t' tan a. In such a treatment of the question, cd, 
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Fig. 2, would represent H + Px' added to the half panel 

pressure at A. The resultant stresses would then be found 

by combining the results. of the two diagrams with those of 

the equations. All the results of these 

two methods will not agree ; the latter 

will give the greatest. This ambiguity 

cannot be avoided, for it results from 

the fact that the pier cannot be so 

divided as to sever these members 

only. 

Mr. J. A. Powers, C. E., has called the 
attention of the writer to the fact that 
the web members of a braced pier carry- 
ing a double track railway, similar to 
that shown in Fig. 4, will receive their 
greatest stresses with the windward track 
only loaded. 

The vertical member GH may be sup- 
posed to carry its proper proportion of \_je£^ 
the load which rests on each track. This ^®* 3» 

supposition, however, does not affect the statement made 

above. 

Let the wind have the direc- 
tion shown by the arrow, and let 
W, as before, represent the fixed 
and moving weight resting on 
GB, while w' is that part of W 
which is carried to ^. If GH 
acts* 

QF 
If GH does not act : 





a 


UQ)- 




\ 


/ 
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Fig 4. 



CF 



DF. 



lo the latter case, the beam AB will carry w(= -^ W to A, 
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U the angle FBN = CAM= a, the force 

h = w tan a — u'l' Ian a 

will act along AB as an unbalanced horizontal one. If Gff^ 
acts, ^i tan a becomes equal to zero. 

Then in the preceding investigation, there is to be pu^V 
{H + h) for H, while w' is to be taken as acting vertically) 
down at B, and w,' or o (as the case may be) at A. Tb 
preceding methods and diagrams remain exactly the same a 
before. 

In the formulse, however, if,' or o is to be put for the - 

at A, Fig. I, and iv' for that at B in the same figure. Notl 
ing else is changed. 

If W rests on AG and GB at the same time, a horizontal 
force equal and opposite to h is developed at A, Fig. 4. 
Hence h will be balanced and disappear. 

If IV rests on AG alone, with the direction of the wind 
remaining the same, /( will change its direction, thus giving 
much smaller web stresses than those existing with W on 
GB alone. 

If, for any reason, the load on a single track pier does not 
rest over its centre, // will have a definite value, and the above 
considerations must govern the determination of the web 
stresses. This condition may exist if it becomes necessary 
to place braced piers under a single track railway curve. 

The stresses caused by the traction, or pull, of the loco- 
motive, in the members of a braced pier, are simple in char- 
acter and easily determined. 

In such a case, the pier is simply a cantilever with the 
traction, or pull, as a single force acting at its extremity. 
The traction acts along the line of the rails, and the length 
of the cantilever is the height of the pier. The stresses thus 
determined are to be combined with those already found. 
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THE THEOREM OF THREE MOMENTS. 

Art. I. — ^The object of this theorem is the determination 
of the relation existing between the bending moments which 
are found in any continuous beam at any three adjacent 
points of support. In the most general case to which the 
theorem applies, the section of the beam is supposed to be 
variable, the points of support are not supposed to be in the 
same level, and at any point, or all points, of support there 
may be constraint applied to the beam, external to the load 
which it is to carry ; or, what is equivalent to the last condi- 
tion, the beam may not be straight at any point of support 
before flexure takes place. 

Before establishing the theorem itself, some preliminary 
matters must receive attention. 

In Fig. I, let ABC represent the centre line of any bent 
beam ; AF^ a vertical line through A ; CF^ a horizontal line 




a--y^ 



I 



Fig I. 



through Cy while A is the section of the beam at which the 
deflection (vertical or horizontal) in reference to C, the bend- 
ing moment, the shearing stress, etc., are to be determined. 

36s 
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As shown in the figure, let x be the horizontal co-ordinate 
measured from A, and y the vertical one measured from the 
same point ; then let ;: be the horizontal distance from the 
same point to the point of application of any external vet^. 
ttcal force P. To complete the notation, let D be the deflec-^ 
tion desired ; M^, the moment of the external forces about A ; 
S, the shear at A ; P' , the strain (extension or compression) 
per unit of length of a fibre parallel to the neutral surface 
and situated at a normal distance of unity from it; /, the 
general expression of the moment of inertia of a normal cross- 
section of the beam, taken in reference to the neutral axis of 
that section ; E the coefHcient of elasticity for the material, 
of the beam ; and M the moment of the external forces for 
any section, as B. 

Again, let ^ be an indefinitely small portion of any normal 
cross-section of the beam, and let y be an ordinate normal 
to the neutral axis of the same section. By the " common 
theory " of flexure, the intensity of stress at the distance y 
from the neutral surface is {^y F E). Consequently the stress 
developed in the portion A, of the section, is EP'y'A, and the 
resisting moment of that stress is EP'y'^A. 

The resisting moment of the whole section will therefore 
be found by taking the sum of all such moments for its 
whole area. 

Hence : 

M=EF2y'^A = EP-L 

Hence, also, 

^ EI- 

It « represents an indefinitely short portion of the neuti 
surface, the strain for such a length of fibre at unit's distancel 
from that surface will be nP'. 

If the beam were originally straight and horizontal, n wouldif 
be equal to dx. 

P' being supposed small, the effect of the strain nP' at a 
section, B, is to cause the end K, of the tangent BK, to move!] 
vertically through the distance nP'x. 
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If BK and BR (taken equal) are the positions of the tan- 
gents before and after flexure, nP'x will be the vertical dis- 
tance between K and R. 

By precisely the same kinematical principle, the expression 
nP'y will be the horizontal movement of A in reference to B. 

Let 2nP'x and ^nP'y represent summations extending 
from A to C, then will those expressions be the vertical and 
horizontal deflections, respectively, of A in reference to C. 
It is evident that these operations are perfectly general, and 
that X and y may be taken in any direction whatever. 

The following general, but, strictly, approximate equations, 
relating to the subject of flexure, may now be written : 

S =:2P (1). 

Mi=z2Pj: (2). 

'■=-^ «■ 

2nP'^2n-fj (4). 

D ^2nP'x^:i-^'j' .... (5). 



D,, = 2nP'y^^''-'!ff .... (6). 



EI 
Dn represents horizontal deflection. 

Art. 2. — Some elementary but general con«ir!erations in 
reference to that portion of a continuous beam included be- 
tween two adjacent points of support must next hi; noticed. 

If a beam is simply supported at each end, the fractions 
are found by dividing the applied loads according to the 
simple principle of the lever. If, howrver, either or iKith 
ends arc not simply supp/>rted, lli<: reaction, in general, is 
greater at one end and \tt%% at the other, than woulrl be found 
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by the law of the lever; 
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of the 



e end 



: react i 

:, transferred to the other. This transference can 
only be accomplished by the application of a couple to the 
beam, the forces of the couple being applied at the two adja- 
cent points of support ; the span, consequently, will be the 
lever arm of the couple. The existence of equilibrium 
quires the application to the beam of an equal and opposite^ 
couple. It is only necessary, however, to consider, in connei 
tion with the span^Ifi, the one shown in Fig. 2. Further, 
from what has immediately preceded, it appears that thi 
force of this couple is equal to the difference between the 
actual reaction at either point of support and that found by 
the law of the lever. The bending caused by this couple will 
evidently be of an opposite kind to that existing in a beam 
simply supported at each end. 

These results are represented graphically in Fig. 2. A and 
B are points of support, and AB is the beam ; AR and BR' 
are the reactions according to the law of the lever; RF . 



:ie 

id 




R'F'i?. the force of the applied couple; consequently ^^3 
AR+RF and BF= BR' - {R'F= RF) arc the reaction* 1 
after the couple is applied. As is well known, lines parallel i 
to CK, drawn in the triangle .-] {75, represent the bending mo-^ 
ments at the various sections of the beam, when the reaoj 
tionsare AR and BR'. Finally, vertical lines parallel to /iff, J 
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in the triangle QHGy will represent the bending moments 
caused by the force R'F, 

In the general case there may also be applied to the beam 
two equal and opposite couples, having axes passing through 
A and B respectively. The effect of such couples will be 
nothing so far as the reactions are concerned, but they will 
cause uniform bending between A and B. This uniform or 
constant moment may be'represented by vertical lines drawn 
parallel to AH or LN (equal to each other) between the lines 
AB and HQ. The resultant moments to which the various 
sections of the beam are subjected will then be represented 
by the algebraic sum of the three vertical ordinates included 
between the lines ACB and GQ. Let that resultant be 
called M, 

Let the moment GA be called Ma^ and the moment BQ = 
LN •=^ HAy M^. Also designate the moment caused by the 
load Py shown by lines parallel to CK in ACBy by M^. Then 
let X be any horizontal distance measured from A towards B ; 
/the horizontal distance AB\ and z the distance of the point 
of application, Ky of the force P from A. With this notation 
there can be at once written : 

M=M, (^) + ^» (^) + J/, . . . (7). 

Eq. (7) is simply the general form of Eq. (2). 

It is to be noticed that Fig. 2 does not show all the mo- 
ments May Ml and M^ to be of the same sign, but, for con- 
venience, they are so written in Eq. (7). 

Art. 3. — The formula which represents the theorem of 
three moments can now be written without difficulty. The 
method to be followed involves the improvements added by 
Prof. H. T. Eddy, and is the same as that given by him in the 
"American Journal of Mathematics,** Vol. I., No. i. 

Fig. 3 shows a portion of a continuous beam, including 
two spans and three points of support. The deflections will 
be supposed measured from the horizontal line NQ. The 
spans are represented by 4 and 4; the vertical distances of 
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NQ (rom the points of support by Cg 
at the same points by M„ M^ and M 
R represent shears and reactions respecti 






\\]^ 




Fig. 3. 

In order to make the case general, it will be supposed that 
the beam is curved in a vertical plane, and has an elbow at b, 
before flexure, and that, at that point of support, the tangent 
of its inclination to a horizontal line, toward the span 4 is I, 
while t' represents the tangent on the other side of the same 
point of support ; also let d and d' be the vertical distances, 
before bending takes place, of the points a and c, respectively, 
below the tangents at the point b. 

A portion of the difference between c„ and c^ is due to the 
original inclination, whose tangent is /, and the original lack 
of straightness, and is not caused by the bending; that por- 
tion which is due to the bending, however, is, remembering 
Eq. (5): 



D = 



-Ut-C 



= 2" 



Mxn 



By the aid of Eq. (7) this equation may be written : 



M, 



[t] ■ 



(8). 



In this equation, it is to be remembered, both x and z (in 
volved in M^) are measured from support a toward support 
b. Now let a similar equation be written for the span /,, iti^ 
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which the variables x and z will be measured from c toward 
b. There will then result : 

^^ijy-J . • • (9)- 

When the general sign of summation is displaced by the 
integral sign, n becomes the differential of the axis of the 
beam, or ds. But ds may be represented by udx, u being such 
a function of j: as becomes unity if the axis of the beam is 
originally straight and parallel to the axis of x. The Eqs. 
(8) and (9) may then be reduced to simpler forms by the fol- 
lowing methods : 

In Eq. (8) put 






, ,. — -r) xdx 



Also, 

U{ja — X)dx _ t'aXa 



Xa /^° U(l^^x)dx . . 

~lj. 7 • • ' ^'''^• 



r/f'' / = '-rf "" ('- - ^) ^-^ • • (")• 



Also, 



^/" « (4 -X)dx = '^?^rVa -X)dx = 
*a%/ b ••a %/ b 



2 

In the same manner : 



. . . (12). 



y, a 3?n _ I /•* u^dx _ x^ p^ uxdx , . 

Also, 

^r'f£^jL=b^ru^^ . . . (14). 

/at/ b ^ *a %/ b 
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And, 

la J b la J h 2 

Again, in the same manner: 

2^ — J — ^ iii^Uxa^ Mxx A X . . . (i6). 
Using Eqs. (lo) to (i6), Eq. (8) may be written: 

E^C^ — C^ — lat — d) =-^{MaUaiaXa + M^Ua tdXa) + 



a 



U^ai\a^^MxAx . . • (17). 

Proceeding in precisely the same manner with the span /„ 
Eq. (9) becomes : 

E{cc -Co- let'- d') = -^{McUcicXc + MoUc'icXc) + 

2 

Uiciic^lJ^i^^x • • • (18). 

The quantities Xa and Xc are to be determined by applying 
Eq. (10) to the span indicated by the subscript; while «a, 1^, 
Uc and ic are to be determined by using Eqs. (ii) and (12) in 
the same way. Similar observations apply to w^', 4', -^a » ^e9 
t'c and Xc'y taken in connection with Eqs. (13), (14) and (15). 

If / is not a continuous function of x, the various integfra- 
tions of Eqs. (10), (i i), (13), and (14) must give place to sum- 
mations {2) taken between the proper limits. 

Dividing Eqs. (17) and (18) by 4 and 4, respectively, and 
adding the results : 

£('jlZSl + ^s^ _ T - ^ -^) = '^ ^,M,xJx + 

\ la Ic la Iq ' la 

^^^SlMiXAx + l^MaUaia^a ^-M^UaiaXa -^r 
Ic 

McUcicXc-h MtUct'c'Xc) . . . . (19). 
in which r= / + /'. 
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Eq. (19) is the most general form of the theorem of three 
moments if £, the coefficient of elasticity, is a constant quan- 
tity. Indeed, that equation expresses, as it stands, the " the- 
orem " for a variable coefficient of elasticity if {ie) be written 
instead of / ; ^ representing a quantity determined in a man- 
ner exactly similar to that used in connection with the quan- 
tity /. 

In the ordinary case of an engineer's experience, 7^=0, 
d = rf'= o, /= constant^ u^Ua^ Uc=^ etc. = c' '=^ secant of the 
inclination for which t^ — t'is the tangent; consequently 

ta^^ ^a ^^ ^c ^ ^ e ^^ ^/a ^^ ^/€ "^ "T* 



From Eq. (10), 



2L 2L 



Xfg — -— ^ , Xq — 



6 ' ^ 6 ' 
From Eq. (13), 

^a - -g-» ^c ^ 6 ' 

The summation SMiX^x can be readily made by referring 

to Fig. 2. 

The moment represented by CK in that figure is, 

consequently the moment at any point between A and K, due 
to Pf is, 

Between K and B, 



M 



' = (^)-^^='P 7 <'-'>• 



Using these quantities for the span 4 : 

22 
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^^M^xAx =J*^M^xdx +f'"M^xdx = \P{l^^~^)z. 

For the span /„ th^ subscript a is to be changed to c. 
Introducinff all these quantities, fq, (19) becomes, afterl 
providing for any number of weights, P: 



hp{Q-^)z+l-':EP{Q-^)z. . . . (20). 



Eq, (20), with c' equal to unity, is the form in which the 
theorem of three moments is usually given ; with c equal to 
unity or not, it applies only to a beam which is straight before 
fiexure. since T= t -i- t' =0 — d = d'. 

If such a beam rests on the supports a, b, and c, before I 

bending takes place, -— — ^ = — ^—j — -, and the first mem- 
ber of Eq. (20) becomes zero. 

If, in the general case to which Eq, (ig) applies, the deflec- 
tions Cg, Cft, and Cp belong to the beam in a position of no 
bending, the first member of that equation disappears, since 
it is the sum of the deflections due to bending only, for the 
spans la and /„ divided by those spans, and each of those 
quantities is zero by the equation immediately preceding, Eq. 
(S). Also, if the beam or truss belonging to each span is 
straight between the points of support {such points being sup- 
posed in the same level or not), w.^ — «„' = k,o = constant, and ' 
Uf=: v^ = n,c — another constant. If, finally, /be again taken | 
as constant, x^ and x„ as well as 2M,x/ix, will have the values I 
found above. 

From these considerations it at once follows that the 
second member of Eq. (20), put equal to zero, expresses the 
theorem of three moments for a beam or truss straight be- 
tween points of support, when those points are not in the 
same level, but when they belong to a configuration of no 
bending in the beam. Such an equation, however, does not ; 
belong to a beam not straight between points of support. 
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The shear at either end of any span, as /«, is next to be 
found, and it can be at once written by referring to the ob* 
servations made in connection with Fig. 2. It was there seen 
that the reaction found by the simple law of the lever is to 
be increased or decreased for the continuous beam, by an 
amount found by dividing the difference of the moments at 
the extremities of any span by the span itself. Referring, 
therefore, to Fig. 3, for the shears 5, there may at once be 
written: 



4--^ AU^M^ 
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fa 


/. 




2P 
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i 




2P 
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e 
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-S Jfc 


-Jf» 



(2I> 



(22). 



The negative sign is put before the fraction — ^ ^ , in 

'a 

Elq. (21), because in Fig. 2 the moments Ma and M^ are rep- 
resented opposite in sign to that caused by P, while in Eq. 
(7) the three moments are given the same sign, as has already 
been noticed. 

Eqs. (21) to (24) are so written as to make an upward re- 
action positive, and they may, perhaps, be more simply found 
by taking moments about either end of a span. For example, 
taking moments about the right end of 4 * 

From this, Eq. (21) at once results. Again, moments about 
the left end of the same span give : 






/ 
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This equation gives Eq. (22), and the same process will 
give the others. 

If the loading over the different spans is of uniform inten- 
sity, then, in general, P = wdz ; w being the intensity. Con- 
sequently : 

2P(^n - ^)z=fw{l^ - ^zdz = w-. 

I ^ 

In all equations, therefore, for —2P{1^ —£?)£; there is to 

fa 

be placed the term Wa — ; and for -y- 2 P{1^ — ^) z^ the term 

Wc — . The letters a and c mean, of course, that reference is 
4 

made to the spans 4 and 4. 

From Fig. 3, there may at once be written : 

R =Sa' + Sa (25). 

R' =S,' +St, (26). 

Ji" = SJ + Sc (27). 

etc.= etc. + etc 
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THE RESISTANCE OF SOLID METALLIC ROLLERS, 

An approximate expression for the resistance of a roller 
may easily be written. The approximation may be con- 
sidered a loose one, but it furnishes a basis for an accurate 
empirical formula. 

The roller will be assumed to be composed of indefinitely 




Fio. 1. 



thin vertical slices, parallel to its axis. It will also be assumed 
that the layers or slices act independently of each other, and, 
finally, that the material above the roller is of a thickness 
equal to its radius. 

In Fig. I let AC=^d. 

" " I " DC=e. 

Let E' = coefficient of elasticity for the material over the 
roller. 

Let £ = coefficient of elasticity for the material of the 
roller. 
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Let w = intensity of pressure at A, 

Let P = total weight which the roller sustains per unit of 
length. 

Let X and y be measured horizontally and vertically, re- 
spectively, from A as the origin. 

From Fig. i : 

BC=^~AB; ^ndB'C'=^,A'B' . . . (i). 
If / is the intensity of vertical pressure at any point, 

pd^ - -^jg-'^dx (2). 

But by Eq. (i): 

A'B' = -^A'C', 

Also, if R is the radius of the roller : 

AC^d^y\ ^nd AB^R^. 

Hence, ' 

£' £ dP 

pdx^w-^-—^,.-^{d-y)dx = -^ • • • (3)- 

From the equation of the circle : 

y = R-^ VR^ - ;r» 
Since P= 2 J dPy there results: 

IRUifT^^ . . . (4). 

Eq. (4) can be very much simplified for all ordinary cases. 
From what has preceded : 

** ^ ££• ' 



P = 



RESISTANCE OF SOLID METALLIC ROLLERS. 



When e is small : 



sin-^-^ ~ 7? ' ^ ~ V2^rf + d^ ; 



and 



(iP - ^)» = ie - ^, nearly. 



Substituting in Eq. (4) : 



P= 



EEd 



R{E + E) 
Hence, as ^/ is small, nearly : 



P=R^2w^^^ . 



Or, for length / : 



" = Rl^ 
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rr{2Rd-d*) . . . (5). 



. (6). 



E -h E' 
^^~EE~ • ' ' • (7)- 



A simple expression for conical rollers may be obtained by 
using Eq. (6). 

As shown in Fig. 2, let s be the distance, parallel to the 
axis, of any section from the apex of the cone ; then consider 



z 



'i^-^'i 



k; 





Fig. 9. 



a portion of the conical roller whose length is ds. Let JRi be 
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the radius of the base. The radius of the section under con- 
sideration will then be 

and the weight it will sustain : 



dP 



Hence, 



=^Y^' 


EE' 


• zds. 


' "^ K.At 


^..^ + ^' 






(8). 



Eqs. (7) and (8) give ultimate resistances if w is the ulti- 
mate intensity of resistance for the roller. 

It is to be observed that the assumptions on which the 
investigation is based lead to an error on the side of safety. 
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THE SCHWEDLER TRUSS. 

The general principle applied in Chapter III. to bowstring 
trusses, enables the characteristics of the Schwedler truss to 
be very simply shown. In fact, that truss is a special bow- 
string, having the least possible number of diagonal braces 
under the conditions assumed. 

Fig. I represents the elevation of such a truss, and the 
problem involved is the determination of such depths, near 
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the ends, that one diagonal only will be needed in each 
panel ; it being premised that the inclined web members or 
diagonals are to sustain tension only. 

Let W = total (upper and lower chord) panel fixed load. 
R' = half the fixed load (or weight) of the bridge. 
w = panel moving load. 
/ = length of span. 

d = any vertical brace or truss depth, as Cc, 
di = vertical brace or truss depth, as Dd, adjacent to 

d and toward centre. 
p = panel length. 

a =z inclination of any diagonal, as CV/, to the hori- 
zontal lower chord, /. r., Cdc = ot. 
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Let X = distance from A to the intersection of the pro- 
longation of any upper chord panel, in the 
left half of the truss, with the prolongation 
to the left of the lower chord. 
" ^ = the normal distance from that point of inter- 
section to the prolongation of the diagonal 
immediately under the upper chord panel 
prolonged. 
Let the moving load pass on the bridge from A toward Z, 
and let n be the number of panel-moving loads from A, 

The reaction at A^ for any position of the moving load 
will be : 

ie = i?'+««;(i-(^i±J^). . . . (I). 

Then let the truss be imagined divided through the panel 
immediately in front of the train. 

If moments be taken about the point of intersection de- 
noted by x^ and if T represents the tension in the diagonal 
just in front of the train, whose lever arm is y^ there will 
result : 

Ty^Rx-- n(\V + w){x + ^'^ t^ ^^^ \ . (2). 

Eq. (2) is so written, it is important to notice, that if the 
second member is greater than zero, or positive, T will be 
tension. Hence, if T is tension : 

But, y = {x+ (n + l)p) sin a (3). 

Also, from similar triangles ; 

f^J^=__^_.^- ...;r + (« + i)/ = -M^. . (4). 
/ x+ (ft + i)/ ^1— d 

By the aid of Eq. (3) : 
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(JT + (« 4- 1)/) ^/« « J/>/ a — ^' 

Hence, by the aid of Eq. (4) : 

x^(n^i)P> \ \J <-v^- 

— R — n{lV -{• w) — ifi—d 

Using the last two members of this inequality : 

d R - n{W + w) 



Or\d> dJi - -...-^ — ^- J 



(6). 



The second member of (6) is the least value of the depth 
d which can exist without inducing compression in the 
diagonal under consideration. This diagonal is the one 
immediately in front of the train, and the principles given in 
Chapter* III. show that if this position does not induce com- 
pression, no other will. 

Inequality (6) shows that if R is greater than n{W + w\ 
or R>n{W •{- w)^ d will always be less than d^. II R = 
n{W \- w), thenrf=rfj. 

Again, if R<,n{W •{■ w\ then will d be greater than d^y if 
tension is to be found in the diagonal. But it is not admissi- 
ble to make d^ di\ hence^ when n becomes so great that R is 
less than n{lV + w), or R < n{lV -\- w), T will be compression^ 
and the diagonal must be counterbraced or else intersecting 
diagonals must be placed in the panels ^ as shown in Fig. i, near 
tlu middle of tlie truss. 

The value of n given by 

R<n{W-\-w) (7). 
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of the head of the train when atl 



: position of 

panels between it and the centre must contain intersecting 
diagonals. All the other panels will need but one each, 
sloping upward and toward the end of the truss, as shown 
in Fig. 1, 

Since this method is independent of the direction of ap- 
proach of the train, it is only necessary to consider one-hidf 
of the truss. 

It is seen in (6), that d is given in terms of </„ hence the 
latter must be known in order to find d. 

The centre depth is arbitrary and may be assigned at will. 
The depths between the centre and that point indicated by 
«, in inequality (7), may also be assigned at will ; consequently 
rfi, next to the first " d " to be computed, will be known. The 
first "(f" computed wili be the"(ii"'for the next "ti'," etc., 
etc., to the end of the truss. 

As a margin of safety it will be well to make d a little 
greater than given by the second member of (6), 

In long spans it would be well to make the truss depth 
constant for a number of panels near the centre, perhaps, 
even between the points given by {7). This would make a con- 
siderable number of diagonals and panels uniform in length, 
which would otherwise lack uniformity. Thus th? construc- 
tion would be simplified and cheapened. 

The loads have been taken uniformly, but precisely 1 
same methods would hold if they were not uniform. 



Example. 



Let the following example (the truss shown in Fig. 1) I 
taken : 



Span = /= 9/ — loS feet; .■. p = 12 feet. 
Centre depth ~ 16 feet, 

W = 8.00 tons. a/= 18.00 tons. 

(IV + w) = 26.00 tons. 
Ji' ^ 4iy^ 32.00 " 
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From Eq. (i): 

;?=32 + i%[n -. J^LJL^^ . . . (8). 

If» = 3» by (8) and (7): 

ie = 32 + 18 (3 - I) = 74 < «( W^ + zc;) = 78. 

Hence the diagonals De and Ed^ in the panel in front of 
the head of the train, at d^ must both be introduced. 

If « = 2, by (8) and (7) : 

i? = 62 > ;i( PT + w) = 52. 

Hence Cd is the only diagonal needed in the panel CDdc^ 
and rf = Cc \s to be computed from Eq. (6). 

The centre depth =Ee=zFf was taken at 16 feet ; let 
Ddhc taken at 15.5 feet. 

Since » = 2; i? - « (»^+ «;) = 10, and j^^»(K±J^) = 36. 

2 ^ 

Substituting these values, and di= 15.5, in Eq. (6) : 

^=0.91 d^ = 14.11 feet. Hence let 
d= 14.5 feet = Cc (Fig. i). 

Next, let the head of the train be at d, i.e,, let n= 1. 
Then by Eq. (8) : 

ie = 32 -f 16 = 48. 

Also; R-n(W+w) = 22, and ig - ^^^'*" ^^ = 35> 

For this position of load, d^ = 14.5 feet. Hence, by Eq. (6): 

d = 14.5 f I — —J = 9.94 feet. Hence let 

d = laoo feet = £d (Fig. i). 
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Fig. I represents the truss, drawn to scale, with the various 
depths given or computed as above, i. ^., 

Ee =z Ff=z 16.0 feet. 

Cc = Hh = 14.5 " 

In the three panels adjacent to each end of the truss only 
two main diagonals are thus seen to be necessary, and in 
those no compression will ever exist. In each of the three 
middle panels, however, two intersecting diagonals will be 
necessary, since no diagonal must sustain compression. 

As is evident, the expression R — n{lV + w) is the vertical 
shear at the head of the train. Hence the limiting case of 
the inequality (7) : 

gives the two points, in the two halves of the truss, at which 
the vertical shear at the head of the train is zero. Between 
these points intersecting diagonals or counterbraces are 
needed, and only between them. 

After the truss depths are fixed by the preceding method, 
the stresses in the individual members are to be found in the 
usual manner — as in any other bowstring truss — as shown in 
Chapter III. 



ADDENDA. 

Addnndiun to Art* 6« 

• Mr. J. a. L. Waddell, C E., has called the attention of 
the writer to the fact that the greatest chord stresses in a 
bridge covered by one locomotive (or two) and a train of 
cars, is produced by taking the train-weight uniformly over 
the whole bridge, and then placing the centre of the loco- 
motive excess at each panel successively. The chord stress 
found at each such panel will be the greatest possible for 
any position of the locomotive in the train. 

Addendam to Art. 12. 

The ambiguity in the main web stresses is shown in a very 
marked manner, if the greatest possible amount of counter- 
balancing be supposed in the determination of each. The 
oblique main web stresses are thus found as follows : 

Brace lo. 
All loads, except that at i, are counterbalanced. Hence : 

(lo) = (^ z«/ + fl^ + iW -^ I W) sec fi^ + 97.38 tons. 

Brace 8. 

All loads, except those at I and 2, are counterbalanced. 
Hence : 

(8) = (\\w J^We-^-iW^ iW) sec a^ + 125.71 tons. 

Brace 6. 
Loads at points 4 to 1 1 are counterbalanced. Hence : 

(6) = (||tt; + \\e + 2W^+ 2 IF') jf^ a= + 91.00 tons. 

In exactly similar manner : 
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(4)= (Hw + \\e + 3rr + 2W") jnra = + 96.98 tons." 

{i) = {H«' + llf + »*'+ H-") " = + 65.80 ■' 

These stresses are less than those given in Article 12, 

one system of triangulation, and greater than those given loF 
the other; the greatest relative differences existing near the 
centre of the span. The vertical stresses would, of course, 
show corresponding differences. 

It is not possible to avoid these ambiguities, nor those aris- 
ing in the chords, unless the component systems of triangu* 
lation are symmetrical about the centre of the truss. 

The ambiguities in the chord are less important than tl 
in the web. 

The comparison just made shows the advisability of 
use of a large safety factor for the web members near the 
middle of the span, unless the web stresses taken are the 
largest given by the two methods of calculation. 



tngu-i 
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Addendom to Art. 61. 

In the summation i";y'-r, x is measured from B, becai 
that point is a point of no bending. It {x) might be 1 
ured from tT toward B, but that would involve a subseqw 
correction. It is more simple and strictly rational to meal 
from B. 



The subject of bending moments in pins, as they 1 
found in pin-connection bridges, is one which does not a 
to have received the attention which its importance dcmai 




Fig. 1 represents the plan of a portion of the lower cl« 
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of an actual bridge, in which the lower chord e\-e^lars xnr 
arranged in the manner of the usual practice heretofv^nr. The 
panel to the right of AB is the middle one of the truss: 
the end of the lower chord, not shown, is some distance to 
the left of CD. The dotted lines show the lower extremities 
of the main diagonals. 

By the arrangement in Fig. I, it is to be observed, tJU ere^ 
bars are so grouped on any one pin that the stresses in tkem^ 
for each half of the pin ^ form ccupLs ZL-hieh hazr the same 
sign, or, all of which bend in- tJu saf9u direction. The bending 
moment in the pin thus increases from either extremity to 
the centre. In this case, which came under the cognizance 
of the writer, the bending moment at the middle of the pin 
AB, was 1,790,000 inch-pounds. 



Fig. 2. 

Fig. 2 shows precisely the same lower chord, with the links 
or eye-bars so arranged as to reduce the bending in the 
pins to the least possible value. The greater part of the 
eye-bars are so grouped as to form couples of opposite signs 
when taken by pairs on the half of any one pin, so that the 
moments of different pairs of eye-bars cither partly or wholly 
neutralize each other. 

By this arrangement the moment at the middle of pin 
AB was' reduced to 5,000 inch-pounds! The greatest bend- 
ing, however, was found between end and centre of the pin, 
but this greatest moment was only 277,500 inch-pounds, 
or between one-sixth and one-seventh of its value by the 
first, and usual arrangement. The moments at the other 
pins were also very much reduced, and the grouping shown 
in Fig. 2 was finally adopted. 

This example exhibits in a striking manner the reduction 
of pin bending, which results from so grouping the eye-bars 
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that the induced moments shall be ef opposite kinds, and thus 
tend to neutralize each other, instead of combining. 

The bending of pins is very much increased by thickened 
eye-bar heads, since the thickening increases the lever arm 
of the tensile stress in the eye-bar. The thickened eye is a 
most excellent thing for the bar, but an injury to the pin, 
necessitating an increased diameter. 

If the apparent moment in the pin is sufficient to cause 
failure by flexure, it does not, by any means, follow that 
failure will actually take place ; for the distortion of the pin 
beyond the elastic limit will relieve the outside eye-bars of a 
larger portion (in some cases perhaps all) of the stress in 
them. This result will produce a redistribution of stress in 
the eye-bars, by which some will be understrained and the 
others correspondingly overstrained. Thus, although thftj 
pin may not wholly fail, the safety of the joint will 
sacrificed by the overstrained metal in the eye-bars. 



Addendum ta Art. IB. 

Approximate formulae for the camber, sufficiently accurat*^ 
for all engineering practice, may easily be obtained from thc^ 
general formulae which have been established. 

Since j: is very small compared with>': 

tt = 2 sin-^ -, , J — -i-; — i — — (nearly). 



If the span is /, : 



:uch a ratio that d = rl,: 



On account of the play at the joints, x should be taken I 
little larger than the camber desired. 
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Frequently r is about one-eighth, and for such a value : 

or, neglecting the play at the joints, the difference in lengths 
of t/ie chords sliould equal the camber. 

If the chords are to be horizontal under the greatest loads, 
while T and C represent the supposed uniform intensities 
of tension and compression in the lower apd upper chords 
respectively, £ and E' representing the coefficients of elas- 
ticity : 

* ^^ ^ ^^ ~E 

This formula can only be approximate, for the chords are 
never exactly uniformly stressed, and the coefficient of elas- 
ticity is probably never the same throughout either chord. 

Since d^ the depth of truss, does not vary, these formulae 
apply only to trusses of uniform depth. 
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